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EXECUTIVE SUMMARY

OBJECTIVE

The object was the development of the FORTRAN version of the Navy oceanic vertical
modcl (NOVAM). The model predicts the vertical distribution of aerosol in the first 6000 meters

above the ocean.

RESULTS

The NOVAM was developed from extensive marine aerosol studies from different
laboratories. The climax was a multimenu-driven interactive program that allows mouse
selection of menu items needed for the calculation. It includes graphics and editing capabilities
useful to the researcher. When used with an appropriate method to determine the profile
parameters, it could be used in a fully automatic mode in which the program could access sets of
data and produce an analysis of the data sets in an unattended background mode. The final
NOVAM code is intended, however, to be used in conjunction with a LOWTRAN/MODTRAN
program and to supply the electro-optical (EO) propagation characteristics to the calling
program that are produced by the un:que aerosol found in the marine atmosphere. It is written in
FORTRAN so it can be integrated into LOWTRAN/MODTRAN codes to improve model
performance in marine ecnvironment.

RECOMMENDATIONS

The model has several shortcomings that will be addressed in future modifications. The
region of applicability leaves two areas not covered well by the mudel. First, higher altitudes,
various models developed by the U. S. Air Force and included in the LOWTRAN/MODTRAN
code will be more accurate. Second, propagation paths that graze the sea surface or pass through
the region within a meter or so of the sea surface are not adequately covered by NOVAM. This
problem is being remedied by a large-scale experiment off the Dutch coast sponsored by NATO.
Another shortcoming is the limited types of weather situations in which it is applicable.
Advances in these areas await development of models from the basic research community in the
future. Another area of concern is the use of the model in close-in coastal areas. Compensation
was introduced, but experience has shown this is one of the weakest parts of the model. It is the
author’s opinion that a special coastal aerosol model needs to be developed that will adequately
take into account local sources of aerosol.
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INTRODUCTION

The need for a model to accurately describe the atmosphere’s optical and infrared (IR)
properties of its meteorological state has been an important driving force for the Navy’s electro-
optics research program. Ideally, this model should describe the optical and/or IR properties of
the atmosphere by using easily obtained meteorological data as input. Several atmospheric
“windows” exist in the molecular absorption of the electromagnetic energy through which trans-
missions in IR communication can take place. In these windows, the natural atmospheric aerosol
plays an important part in degrading the transmission of radiation from point A to point B. This
is done when the aerosol both scatters and absorbs electromagnetic energy. Of particular interest
to the Navy is the role natural marine aerosols play within the marine boundary layer (MBL) in
causing extinction at bath visible and IR wavelengths.

The Navy aerosol model (NAM) was developed in the 1980s [1-3] to describe the marine
aerosol and its optical and IR propagation properties for the atmosphere’s MBL from the local
meteorological parameters at shipboard level. IR extinction over the oceans is a function of
various meteorological parameters such as visibility, absolute humidity, relative humidity (RH),
and wind. The optical and IR properties of the MBL are related by this model to the meteorclog-
ical quantities that are measurable from a shipboard environment. The NAM model has certain
limitations, however, because it was developed from a limited database containing only
measurements made at or near the shipboard level. It is essentially a nondimensional mode! that
contains no real vertical structure. When the model is used in the MBL at levels away from the
surface, it must assume that the MBL is extremely well mixed and that the size distribution of
the aerosol within this layer is constant from the sea surface to the top of the MBL. This may or
may not be a good assumption. With the addition of other types of observations and with our
growing knowledge of the mesoscale properties of the MBL, it is now possible to better take into
account the vertical structure of the MBL in making optical and IR predictions.

The NOVAM is developed from extensive marine aerosol studies from several different labo-
ratories including: the Naval Command, Control and Ocean Surveillance Center, Research,
Development, Test and Evaluation Division (NRaD, formerly NOSC), San Diego, CA; the Naval
Research Laboratory,Washington DC; the Naval Post Graduate School, Monterey, CA; and the
TNO Physics and Electronics Laboratory (TNO-PEL) The Hague, The Netherlands.

Several preliminary versions of NOVAM were developed over scveral years and tested for
both the programming integrity and the physical correctness of the modeling assumptions. Thus,
the basic concepts of NOVAM have been programmed in several computer languages as the
mode] developed with time. The first limited versions were programmed in BASIC but when the
program became too complex for a BASIC type ianguage, and thus too slow for applications, the
code was converted to TURBO Pascal for speedier operation on a typical personal computer
(PC). The Pascal programs developed into a user friendly PC program designed to exercise the
NOVAM code with real sets of data. The climax of this development was a muitimenu-driven
interactive program that allows mouse selection of menu items needed for the calculation. It
includes graphics and editing capabilities that are useful for the rusearcher. This program uses a
semiautomatic method of characterizing the atmospheric profile parameters that allows greater
operator interaction with the calculation. When used with an appropriate method to determine
the profilc parameters, it could be used in a fully automatic mode that the program could access



sets of data and produce an analysis of the data sets in an unattended background mode. The
final NOVAM ccede is intended, however, to be used in conjunction with a
LOWTRAN/MODTRAN program and to supply the EO propagation characteristics to the
calling program that are produced by the unique aerosol found in the marine atmosphere.

As a result of this evolutionary development, it was found over time that certain aspects of
the program should be improved and others perhaps left out or simplified. The current
FORTRAN subroutine is based on the results of this previous work and testing. It is written in
FORTRAN so it can be easily integrated into the LOWTRAN/MODTRAN codes to improve the
performance of these models in the marine environment. Being a subroutine, it is no longer an
interactive program, but requires a certain set of information supplied to it and produces a
limited utilitarian output needed for the larger scale programs. These features and improvements

“are incorporated into the Navy oceanic vertical aerosol model subroutine (NOVAMSR) code
presented here.

To meet this need, NOVAM was changed into the form of a subroutine written in the
FORTRAN language. It provides information on the nptical properties of the aerosol at any
altitude and wavelength in the marine atmosphere. The subroutine gives additional information
not available in the development model. In addition to extinction and absorption coefficients at
altitudes, the subroutine returns the relative humidity and the set of lognormal coefficients
needed to reproduce the size distribution of the aerosol from which other characteristics of the
aerosol could be obtained, such as the phase function. The NOVAMSR is also an intelligent rou-
tine that uses as input a radiosonde profile data and automatically provides the significant profile
parameters needed for the NOVAM. Thus, the calculation can be done completely under
machine control without the interaction of a knowledgeable operator.

TESTING THE NOVAM CONCEPTS

The NOVAM concepts have been tested with data from several sets of field experiments
from different geographical regions of the world’s oceans. These include the areas off the
California coast, off the Florida Keys, and off the Virginia coast. In each case care was taken to
assure that the air mass being measured was marine in origin and not freshly blown in from the
nearby coastal regions. In all of these experiments, there were sufficient me eorological measure-
ments taken so all of the input meteorological data needed by NOVAM in both its surface
observation file and the radiosonde observation file were available. This included a certain
amount of redundancy in measurements to assure the accuracy and determine the size of the
error bars associated with them. In addition, profiles of the aerosol size distribution were mea-
sured and these data, when used with the Mie Theory, allowed profiles of “measured” aerosol
extinction to be determined. The experiment then consisted of comparing the “measured” and the
NOVAM predicted extinction profiles with each other to determine if NOVAM was indeed
working. It was determined that it is impossible to precisely measure the extinction profile with
present day techniques. There is usually a sufficient spread in “measured” extinction data that the
best that could be determined is an envelope of the “measured” data. In these tests, then, when
the NOVAM model predicted extinction values at any particular altitude that was within the
“measured” envelope, it was considered a successful prediction.

The first experiment in the evaluation process was in conjunction with the FIRE experiment.
FIRE stands for First [International Satellite Cloud Climatology Project], ISCCP Pegional




Experiment. This was a series of profile measurements made with a tethered balloon on San
Nicolas Island, CA. [4,5,6].

The second experiment was done in the semitropical waters to the east of the Florida Keys in
an experiment called KEY-90. {7,8,9,10]. In this experiment, the surface observations were
made with an instrumented fishing boat. Meteorological and electro-optical measurements were
made with aircraft, balloons, and lidars.

The third sets of measurements were made with aircraft profiles in conjunction with the
InfraRed Analysis Measurement and Modeling Program (IRAMMP) project. Two sets of
measurements (1991 and 1992) were made off the Virginia coast and some of the data were used
to test the ability of NOVAM to operate in the western Atlantic scenario. The profile data in
these experiments came from the NRaD instrumented Navajo aircraft, while the surface observa-
tion file was made by a combination of available data obtained from shore stations and other
sources.

THEORY

This version of NOVAM recognizes three types of meteorological profiles. They are differ-
entiated by the characteristics of the temperature profile in terms of the existence or nonexistence
of temperature inversions. Three cases recognized by NOVAM are

1. No inversion The free convection mode
2. Two inversions The weak convection mode
3. One inversion The developed boundary layer.

The NOVAM is, however, an aerosol model not a meteorological model. It lcoks at the mete-
orological data and then estimates what is happening to the scalar contaminants, such as aerosol,
and how they are transported throughout the atmosphere. The optical and IR properties obtained
from this model describe the effects due to the aerosol loading of the atmosphere. Molecular
effects are well described with other types of models such as LOWTRAN or MODTRAN when
they are operating in the aerosol “free” mode. These effects should be kept in mind when
comparing the total extinction measured from instruments and the aerosol extinction due to
atmospheric aeroso! and molecular extinction, due to the molecules in the atmosphere. Fortu-
nately the molecular composition of air remains relatively fixed with respect to time and place
(with the exception of water vapor which can be easily measured) so that these results can be
well known.

The model does not attempt to describe the situations within clouds if they exist in the propa-
gation path. The sections of the propagation path in which clouds exist (when the RH approaches
saturation), a scparate set of physical laws must be used to describe the properties of the cloud.
In these cases a separate model should be used for optical and IR properties within clouds. Like-
wise, if precipitation is present, the model cannot describe optical and IR properties from the
precipitation. In this case, the additional precipitation effects should be computed using an
appropriate precipitation model.

The aerosol size distribution has been represented by several different functional forms based
on the intuition of several different investigators over the years. The lognormal type functions




have been used because there is a close relationship between statistical quantities and these func-
tions. The NAM and NOVAM use a form of lognormal that differs somewhat from other pub-
lished forms of the function. The reason for this is pragmatic in that it simplifies working with
the plotting of measured data on log-log plots and in transforming these data into other moments
of the lognormal for emphasizing important aspects of the data. Davies [11] in his description of
an aerosol size distribution used dN/dlogr as a lognormal function that has the form
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where N is the total number of particles per cm?3 in the population, r is the radius of the particle,
Tm is the median radius, and log(0g) is the standard deviation of log(r). Whereas in NAM,
Gathman [1,2&3], and here in the NOVAM formulation, the description of a population of aero-
sols is expressed as dN/dr and a slightly different form of the lognormal is used. Here it is
expressed as

aN _ A eo2| T i
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These two expressions are related to each other by
E‘ﬂ = l . dN . 1 (3)
dr T dlogr log(10) -

This transposition influences the position of the mode radii however. In the first equation, the
parameters of the equation are statistical parameters of the population of aerosols. In the latter
equation, the parameters have graphical significance when plotted on a log-log scale. The
parameter A/f is the amplitude or maximum dN/dr of the function, f is a swelling factor that
represents the effect of RH on hygroscopic aerosol, ro represents the mode radius, i.e., that
radius which coincides with the maximum dN/dr when f= 1 and C represents the “breadth” of
the lognormal. The factor f describes the change in size of the particle when it grows or shrinks
in different RH environments. The value of fis set to be 1 when the surrounding RH is 80% (the
mean RH found over the ocean). Thus, it is only important when the surrounding RH differs
from the mean value of 80%.

The relationship between the two forms are shown to be equivalent in appendix A of Smith
and Bates [12]. Their results are summarized in equatiuns (4) and (5) and express the NAM
amplitude, A; and width, C of the ™ component in terms of the statistical properties N, 7, and g,
of the Davies distribution.
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Here the peak value in NAM is A;/f, and is at the place where

F= Tode = firiO . (6)



It is important to be able to convert between various moments of the size distribution. This is
because the size distribution of aerosol can be expressed as dN/dlogr, dN/dr, dN/dA, ot dN/dV
where A and V are the area and volume elements of the derivative. It is a property of these func-
tions that can be easily transformed from one moment to another and still be represented by a
basic “lognormal” type of function described by different coefficients.

The various moments of the lognormal can be transformed into another lognormal form by
the following transformation. This handy transformation allows conversion of data into other
moments of the lognormal.

el (o)) e o )
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Here n is an integer representing the moment of the lognormal, the C’s , rg and ry are constants
and r is the variable.

In modeling these aerosols, several different species of aerosol are recognized and are each
distinguished here by their own “lognormal” distribution. The net effect of all of these species on
the aerosol size distribution is regresented by the sum of all of these components. This modeling
process leaves open the prospect that other species of aerosol might be preseat. It is expected
that in the coastal regions and other special places, unique populations of aerosol exist and must
be represented by their own unique size distribution. These additional elements of the aerosol
population can be introduced into this model by adding additional lognormal or other types of
functions. When our knowledge is expanded as to the characteristics of the aerosol in coastal
regions and areas very close to the sea surface, additional components will be added to the
current description.

The single lognormal function (as seen in equation (2)) is described by four parameters. The
amplitude A is related to the concentration of the aerosol; the mode radius, rg, refers to the “size”
of the most populous part of the distribution or the peak of the distribution at an RH of 80%; C
refers to the size diversity or breadth of that population; and the factor f refers to the growth or
shrinking of the particle size at relative humidities different than 80%. In the NAM and NOVAM
series of models, C has a value of 1 for all of the species of aerosol used and mode radii, rg of
the various distributions has been empirically fixed at values of 0.03 um, 0.24 um, and 2.0 um.
The factor f will be different for each species of aerosol depending on its assumed chemical com-
position and will be a factor of the surrounding RH. The mode] assumes that the particles are all
in equilibrium with the RH of its surrounding environment. This leaves only the ampiitude fac-
tors A, to be related to the generation and distribution processes at work at the sea surf~- 2 and in
the marine atmosphere. The A; parameters are the key factors that relate aerosol size distribution
as it changes in the vertical regions of the atmosphere to the meteorology of the MBL. The
mode] assumes that all the mixing and other processes at work on the aerosol in the marine
atmosphere work only on four different sized aerosols representing the four size distributions.
Each size distribution is represented by a single size, rp;, and concentration, A;, with an f factoi
of 1 and then at the ievels of interest, the full-size distribution 1s expressed by these factors ana
the in situ RH 1s allew ¢ to change the f factor to represent the size distribution at that altitude.




NOVAM further assumes that the aerosol size distribution is correctly described by NAM at the
ship level above the sea surface. Then the spatial distributions of the aerosol are represented by
changes {rom this surface value.

In general now, the size distribution of NOVAM at the altitude z is repiesented 25

3
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where f; are functions of the RH. The values of rg; are given above, and the ;s are coirection

functions, which correct the surface values to direct measurements of visibility and/or IR extinc- .
tion when available. The functioning of the NOVAM code supplies the values of ti:c A;(z). Now

that the aerosol size distribntion is known at the altitude z, various optical parameters can be

obtained from this size distribution.

NOVAM uses the index of retraction of water from Hale ::nd Query [13] and makes an
assumption on the chemical composition of each of the fuur acrosol modes in the model. In the
smallest size classes, two chemical species of both soluble and nonsoluble aerosol are allowed. It
is known that the chemical composition of the soluble droplets change as a function of RH. A
perfectly dry particle has a complex index of refraction of the nucleus material. On the other
hand, in a very high RH envi.onment, a hygroscopic particle will have changed size, taking on a
considerable amount of waier with the nucleus being dissolved into the water. The net complex
index of refraciion used in the Mie calculations for NOVAM is then assumed to be the volume
average of the index of refraction of water and the index of refraction of the nucleus material
using the method of Hanel [14]. Each of the classes of aerosol in the model are allo'wed to have
their o-vn complex index of refraction. The amount of growth (represented by the j {uctor) for
each class also depends on the chemical composition of the nucleus of that class.

The first class is a nonsoluble aeroscl present in NOVAM only when high amp are indicated
and is assumed to be dust with mode radius of 0.03 um. The refractive index for this “dust”
species of aerosol is taken from Shettle and Fenn [15] which is based on references [16 & 17].
Since this component is assumed to bc uonsoluble, this class of aerosol does not change size

with changes in RH; thus, the optical refractive index parameter remains constant with changes
in RH.

The next aerosol species is assumed to be water soluble and is represented at an RH of 80%
by a lognormal also with a mode radius of 0.03 um. The chemical species of this aerosol is
assumed to be the Volz’s general water-soluble aerosol described in reference [16).

These first two classes of aerosols are the background aerosol related to the air mass charac-
teristics and do not seem to respond to local wind parameters. Being air-mass dependent, how-
ever, it can be modified when transported over the ocean to the point of reference from the land
areas.

The third class of aerosol in the model is represented by a lognormal distribution that has a
mode radius of 0.24 um at the standard RH of 80%. This class is populated by marine aerosols
that have been produced by earlier high wind conditions that exhibit a relatively long residence
time and remain mixed tioughout the MBL once they are introduced into the atmosphere. It




does not make much sense to say that the concentrations of these aerosol are related to the
current wind speed. They are, in effect, related to the history of the wind. In the NAM/NOVAM
simplification of the problem, the previous 24-hour average of the wind speed is an attempt to tie
this class of aerosol to a historical relationship with the wind.

The fourth and last class of aerosols is that of the largest nuclei originating from the sea sur-
face; this can be important in the propagation of IR radiation near the sea surface. These aerosol
are represented in the NAM by a lognormal distribution that has a inode radius cf 2.0 um. The
amplitude of this mode is definitely related to the current wind speed and the current white water
phenomenon.

Finally, the volume extinction coefficient for any size distribution dN(z)/dr and any wave-
length within the range of application could be expressed by using the Mie Theory. Here of
course, we have to know O, for the population of aerosol that is a function of the wavelength,
the radius of the sphere, and the index of refraction of the sphere doing the scattering or absorp-
tion of the EO propagation. This is expressed in equation (9) as an integration over the whole
population of aerosol sizes. A volume absorption coefficient can be calculated in a similar way
except that the Mie coefficient Qg must be used instead of Q,,, . The volume extinction coeffi-
cient as a function of altitude is

dN(z
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If we now substitute into equation (9) our formulation of the size distribution in terms of the sum
of four lognormal type functions we get

3
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The integration and the summation can be switched in equation (10) so we really have a sum of
several integrals. The volume extinction coefficient is shown in equation (11), and using a
similar process, the volume absorption coefficient can also be calculated and this is shown in
equation (12).
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This technique speeds up the calculations since the integrals can be calculated earlier and their
values stored as numbers in a lookup table. The NOVAM then only needs to address this table
and interpoiate between values to obtain the desired values. This is done by storing the integrals
for four different relative humidities and for 40 different wavelengths for each of ihe four aerosol
modes in a table. NOVAMSR then needs only to do a table lookup and interpolation for values




that do not happen to be one of the stored values. The integration was done using Dave’s Mie
code [18] for the values of Q,,, and Q,ps, and the integration was done in decades for the vari-
able r. Each decade was then numerically integrated using Simpson’s rule with 90 strips. The
results of these integrations are stored in the program as logarithms for simplicity of storage.

FEATURES OF THE NOVAM SUBROUTINE

The NOVAMSR is called with six input parameters and seven output parameters. These are
shown in table 1 in the order needed by the subroutine along with a brief explanation and the
units needed by the program. A fuller explanation is given below to the types and kinds of data
used as input and output.

Table 1. The parameters of the NOVAMSR subroutine.

Input Parameters Explanation Units
Altitude Altitude of calculation meters
Wavelength Wavelength of calculation micrometers
“The surface obs. data, Name and directory of the surface ASCII text
SurfObsFileName observation file.
The protfile data, Name and directory of the ASCII text
RSondeFileName radiosonde observation file.
DataType Description of above data file. “N” or “R”
Repeatflag Use true to bypass analysis. LOGICAL “T” or “F”
Output Parameters
“Extinction Volume Extinction Coefficient 1/km
Absorption Volume Absorption Coefticient 1/km
Al Mode 0, amplitude
Al Mode 1, amplitude
A2 Mode 2, amplitude
Al Mode 3, amplitude
RH Relative Humidity Percent
INPUT PARAMETERS
Altitude

This parameter tells NOVAM at what altitude (in meters) the calculation is to be made. There
are restrictions in the values which this altitude can have based on the validity of the model. Alti-
tude must be between 9 meters and 6000 meters or the model will return an error flag of all
~999.9 data values on its call. At high altitudes, the upper atmospheric aerosol models developed
by the U. S. Air Force [19] should be uscd even over the oceanic regions.

Wavelength

This parameter tells NOVAM at what wavelength the scattering and absorption analysis is to
be calculated. It is expressed in micrometers and can range from 0.2 um to 40 um. The
subroutine will return an error flag of ali -999.9 data if the wavelength is outside of this range.



Surface Observation File

One of the required input files contains a set of shipboard-level surface observation data. The
kind, units, and order of these data are shown in table 2 and are self-explanatory except for cer-
tain items that are explained below. These values are to be provided in the units given and if
these observations are not available, a value of =999.0 indicates to the program that these data
are indeed missing and it will provide a default value. This surface data file has fewer elements
than the earlier files used with NOVAM codes. Therefore, caution must be taken to convert
earlier files to work with NOVAMSR. The data in the file must be real and in ASCII format. The
individual items in the list must be separated from each other by spaces. In addition, for values
<1, the decimal point must be preceded by a zero.

Table 2. Surface observation data file.

Position Meteorological Parameter
1 Sea Surface Temperature (C)
2 Air Temperature (C)
3 Relative Humdity (%)
4 Optical visibiiity (km)
5 Curtent real wind speed (m/s)
6 Averaged wind speed [24 hours) (m/s)
7 Ailr Mass Parameter (1..30)
8 Surtace IR ext. (1/km) @ 10.6 n
9 Zonal/seasonal category (1..6)

Item 7 is the amp which is a number used to describe the general condition of the air mass. It
is a real number between 1 and 30, where 1 indicates a pure air mass without contaminants and
30 describes a worse case situation such as would be expected downwind of a large industrial
complex. It can be based on empirical judgment, or it can be related to certain measurements in
the MBL such as the atmospheric radon content, Rn, (expressed in (pCi/m3)) as

amp =Rn/4 + 1 (13)

or it can be related to ¢, the elapsed time for the current air mass to reach the point of observation
in the sea from a distant land mass. With this information, the expression is

amp = {9 - exp(~1/4)} + 1 (14)
where ¢ is expressed in days.

If the amp is not known, entering the value of =999.0 will permit NOVAM to estimate an
amp for the run by using other data. In the case where sea surface visibility is available, we can
calculate an “effective” amp using a simplified three-component NAM and the measured visibil-
ity.

This method assumes that the extinction in the marine atmosphere is because aerosols are
composed of three kinds of aerosols distinguished by their origin. All three are found over the
ocean in varying degrees. The model assumes that the size distribution of the three aerosol
classes can each be described by an independent lognormal function. The net size distribution
responsible for scattering and absorbing the optical/IR energy as it transverses a cloud of these




aerosols is the superposition of the three classes. Given this net aerosol size distribution, the
extinction and absorption of optical/IR radiation can be calculated by using the Mie Theory as
discussed. The assumptions here are that the aerosols are spherical in shape and that we know
their index of refraction. Furthermore, if the aerosol nuclei are soluble as is the case with most
marine aerosol, then the size of the aerosol will change as the RH of the surroundings change.
Therefore, it is assumed that the final index of refraction of the mixed aerosol is a volume related
combination of water and the nuclei’s index of refraction.

The following analysis shows how an approximate amp can be determined given the current
wind speed, average wind speed, RH, and visibility. First, a differentiation must be made
between the total extinction at visible wavelengths and the extinction at visible wavelengths due
to only aerosols. These differ by the Rayleigh extinction because of atmospheric molecules.
While the Rayleigh extinction can vary somewhat depending on temperature, pressure, etc., we
will use the value for Rayleigh scattering for air at 288.15 °K and 1013 mb which is 8, =
0.01162 (per kilometer), from E. J. McCartney’s book [20].

Thus, if we have a measured extinction based on a scattering or transmission measurement,

or on a direct visibility measurement, it will include the Rayleigh extinction. This measured

visibility, Vis), is used to determine the amp. Then for A = 0.55 um, using the Koschmieder [21])
formula for the relation between visual range and total extinction, we get

_ 3912
B = Vis, - (15)

The aerosol part of the above extinction, ¢, is the value defined as the total extinction less
the Rayleigh extinction, i.e., Sip = Bi —Bm- When A = 0.55 um (visibie wavelengths), we get

By = %%;2- -0.01162 . (16)

The NAM assumes that ezch of the three components of the aerosol size distribution can be
described by a lognormal function as

. °"P{'1 " ['°g(?7"7)]2} a7

= A
dr A f ’
were the function A; is defined for each of the i’s as
A; = 2000 - amp? (18)
A, = MAX[5866 - (w - 2.2),0.5], (19)
A3 = 10(0.06~w'-2.8) , (20)

where w, and w' are the average and current wind speeds in m/s, and amp is the unknown amp.
The constants ry, ra, and r3 are 0.03, 0.24, and 2.0, respectively.

The size parameter, f, is here for simplicity in this approximation to be the same for all
classes of aerosol and can be expressed as a function of RH for all relative humidities less than
or equal to 98% (Fitzgerald {22]).
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RH 1/3
P s )] . (21)

RH
6 (1~15
It has the value of “1” at an RH of 80%, which is the typical RH found over the world’s ocean.

The functional form of the size distribution can then be written in a simpler form as

dN, A
T =7 Sen (22)

2
S{f,r) = expg-1* [log(r_',f)]

The original assumption that w, w’ and RH are known quantities means that all of the
parameters necessary to describe the size distribution of modes 2 and 3 are known. The size dis-
tribution of mode 1 is still undetermined since the value of amp is not known at this point.

where

If we use the Mie Theory, we can calculate the volume extinction coefficient for each of
these classes of aerosol for a wavelength of 0.55 um as

dN.
ﬁfﬁj%'d—#"z""- @
Substituting for dN/dr we get
A
Bis = To00- 7 f Qo Sifiry - - dr (24)

and the integralsj Q. - S{Lr) - r? - dr are calculated as desctibed above. There is a separate
value for each mode and RH. Using these values of RH for each mode, the volume extinction
coefficient can then be expressed as

. mrA;
Bir= 1000 - f(RH)

Since for all of these cases, A = 0.55 um, we can find three functions, 7;(RH) of RH which
express these integrais for each aerosol mode. These functions were obtained by finding the
numerical value of the Mie integrals for four relative humidities of 50, 85, 95, and 99%. The
curves were fitted with the relatively simple functions with the assistance of a special software
package [23]. This package fits the input data points to over 7000 different equations and ranks
the results as to the least error in the fitting. The fittings here had the resultant equations for each
of the modes within the first four ranks. An example of the fitting of the data for mode 1 is
shown in figure 1.

- T(RH) . (25)
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Figure 1. Plot of the fit of the 71(RH) function to the Mie
integral calculations for the mode 1 aerosol at A = 0.55 pm.
Note that for convenience, the y axis is the logl10 of the
integral values.

The equations fo- each mode are shown in equation (26).

(a + c- RH) (d + g - RH) (I +n-RH)
TR v re R = avermmy BRD =35 ry @0
where a=—4.05801664, b =-0.00890166, ¢ = 0.038432675
d=-0.64465936, € =—0.00899986, g = 0.007232437

1 =2.019394568, m= -0.00900429, and n=-0.01670367.

The measured total volume extinction due to acrosols can be equated to that calculated by the
model as

amp

By = 21" FRE) *TRH) + B, ) oss(RH, W) + By ;1 5s(RH,W'), @7

where we have only the parameter amp as an unknown. The unknown can be determined

algebraically as
ﬂzo‘(ﬂu=o.ss(RH’W7 + 1334=o.55(RH,W')) -
amp = . (28)

21 - T, (RH)/f(RH)

In order to keep amp from becoining imaginary, BA, must be equal to or greater than the sum
of the extinctions of the second and third mode,

ie., Bio = Baa=0ss + B3 =055

In addition, we know from measurements, that amp should never be zero; therefore, the
following logical “IF-THEN-ELSE” evaluation is added to the relationship.
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29
IF Bro(VIS) = 0.027 - TR + By 5 c05sRH,®) + B3, _ ¢ ss(RH, W) )

THEN amp =0.1

Bio(VIS) ~ ([32‘1:0455(RH,W) + ﬂs.;.=o.55(RH’W'))

RSB amp s 2 T, G (RED

The amp can now be plotted as a function of visibility for various sets of the meteorological
parameters such as RH, average wind speed, and current wind speed. Figure 2 shows the rela-
tionship between amp anrd visibility when there is no wind speed either average or current. This
is the “glassy sea” stage. Here, there is a small residual component of the mode 2 and mode 3
acrosols, but they are not being produced by wind-wave interaction. In this case, amp is a
straightforward function of the visibility.

VISIBILITY vs. amp
AVERAGE WIND AND CURRENT WIND ARE ZERO

100 3
1 80% “b
) \ 50%
103 , < N
g 99%
'3
]
4
01 D e L s o e e e
01 1 10 100 1000

VISIBILITY (km)

Figure 2. Plot of the visibility and amp relationship from this model for
various relative humidities and with no current or average wind speeds. Note
that there are amps which can be greater than 10 for certain conditions.

The other extreme case is shown in figure 3 where we have strong concentiations of zerosol
being produced at the sea surface due to interaction of the wind and waves. In this case, there is a
significant extinction at the visible wavelength of 0.55 um produced by aerosol from the sea sur-
face, which must be taken into account. If our measured visibility has an aerosol extinction value
less than the extinction from modes 2 and 3, there is a logical problem since the total cannot be
less than the sum of its components. In this case, either the measurement is in error or the para-
meterization of modes 2 and 3 components of the model is wrong. In either case, when this
impossible situation occurs for whatever reason, the amp is arbitrarily set to 0.1.
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Item 8 in table 2 is a parameter that gives the model more information on which to base its
predictions. It is used to describe the IR extinction at the surface at the wavelength of 10.6 um. It
is anticipated that data from such a device (several are now available on the commercial market)
will greatly improve the overall operation of the model. It will do this in conjunction with the
optical visibility by pinning down the surface extinction at two widely separate wavelengths.

VIS|BILITY vs. amp
AVERAGE WIND AND CURRENT WIND = 10 m/s

LS

il
:

90%

0.01 ™ -4
0.1 1 10 100 100C
VISIBIUTY (km)

Figure 3. A plot of the visibility and amp relationship from this model
for various relative humidities and with the average wind speed and
current wind speed set at 10 m/s. The plot reflects the condition that the
amp can never be less than 0.1.

Item 9 in table 2, the zonal/seasonal category, is a number betweer. 1 and 6 that signals to the
computer an approximate geographical zone where the calculation is to be used. This is used in
the default definitions where data from a climatic atlas [24] are used. If a value outside the limits
of 1 to 6 is used, the model assumes that a mid-latitude summer is the situation where the cal-
culation is being made. The number is selected from table 3.

Table 3. Zonal/global categories.

ropical winter
Tropical summer
Mid-latitude summer
Mid-latitude winter
Sub-Arctic summer
Sub-Arctic winter

N | B W Y] =

Radiosonde Observation File

This is an ASCII file that contains the available information on the temperature and humidity
throughout the marine atmosphere. It can be obtained in several different ways. Profiles of the
vertical meteorological structure of the atmosphere are traditionally obtained with the




radiosonde. This is a device that senses pressure, temperature, and RH and is lifted aloft by
either Kites, free balloons, or tethered balloons. The measurements are sent via radio to a ground
receptor that translates the signals into profile data. Other methods are also available for
obtaining this information such as from an instrumented aircraft. This method was used in the
NOVAM testing processes where the aircraft flew in a tight spiral either ascending or descend-
ing. NOVAMSR is set up so it will accept two kinds of profile data files. The files structures for
each of these types are described under the data types section.

Data Type

There are two types of data format for the radiosonde observation file that are recognized by
NOVAMSR. They are

1. The NOVAM form (N) consists of a “n X 3” matrix where “n” is the number of observa-
tions made. Each row of this matrix consists of the altitude at which the measurement is made
and expressed in meters, the potential temperature, @, at that aititude expressed in °C, and the
mixing ratio at that altitude expressed in g/kg. An example is given in table 4.

Table 4. A NOVAM type radiosonde profile in the “n” mode.

Altitude (m) | © (O) Mixing ratio (g/kg)
16.510 14.852 8.640

[28.630 14.642 8.850
39.940 14.504 8.780
48710 14.383 8.820
61.340 14357 8.770

2. Another form of profile data (R) can be used, which is the output of a PP11 from a KS-80
RAOB SONDE system. It has the form of a “n X 5” matrix that contains the following
information in each of its rows: observation number, the log (base10) of the pressure multiplied
by 104, the air temperature in °C multiplied by 10, the RH in percent, and the pressure in
millibars multiplied by 10. An example is given in table 5. The calling parameter should be
either an “N” or “R” to indicate to NOVAMSR which type of data to expect when it opens and
tries to read the radiosonde observation file.

Table 5. An example of the radiosonde profile in the “R” mode.

1 30043 154 81 10099
2 30037 152 81 10086
3 30033 150 83 10076
4 30027 149 83 10063
5 30022 148 84 10050

Repeat Flag

The repeat flag is a logical parameter that is used to eliminate repeated analysis of the
radiosonde profile every time the NOVAMSR is called. It should be “false” the first time a par-
ticular radiosonde data set is run. When this happens, the radiosonde preamble is calculated from
the input data and appended in front of the significant data file. This information is then used in
this and subsequent calculations with this particular radiosonde data set. The next time a call is

15




made to this subroutine with this radiosonde data set, (assuming no other radiosonde data sets
have been used in the meantime) the repeat flag should be set to “true,” and the duplicate analy-
sis needed in the first call to the subroutine will be eliminated.

OUTPUT PARAMETERS
Relative Humidity

This is the RH obtained from the analyzed radiosonde profile data at the referenced altitude.
This humidity may differ somewhat frorn the raw measure of RH at that altitude because it is the
humidity that the model obtained from the smoothed radiosonde data. It is based on the linear
interpolations of air temperature and mixing ratio obtained from the nearest significant level
-above the reference altitude and the nearest significant level below the reference altitude. Should
the reference level be identical to one of the significant levels, then only the values at that signif-
icant level are used. This humidity is provided so it and the associated size distribution

paramr:ters will describe the same aerosol size distribution used by the model at the reference
altitide.

Size Distribution Parameters

The size distribution parameters produced by the subroutine refer the model-generated A0,
Al, A2, and A3 terms of equation (8). Each of these reflect the “amplitude” of the lognormal
value of a particular component of the dN/dr size distribution, but it has not been adjusted for
RH at that particular height. An f factor must be calculated from the RH for each component if
the actual dN/dr of the aerosol size distribution is to be used. Given the size distribution, dN/dr,
various other calculations of optical properties of the aerosol can be made from a knowledge of
the Mie Theory and an assumption of the index of refraction of the droplets.

Extinction and Absorption Coefficients

The extinction coefficient given by NOVAMSR is related to the size distribution at the
reference altitude and is determined by the superposition of the lognormal components, which
are represented by amplitudes Ao, Ay, Az, and A;. The growth factor f; is different for each

component and is given by Gerber’s [ 25] formulation. The actual method of calculation of this
coefficient is shown in equation 11.

Here, it is assumed that the Ag term is made up of a nonhygroscopic material and does not
grow with increased RH. Hence, the f factor for the A term is always 1.0. On the other hand, we
assume that the remainder of the lognormal populations of aerosols are hygroscopic.

Gerber formulates f as

1/3
/= [gi] (30)
C8(1-5)

where the values of C7 and CB are given in table 6. For amp greater than 5, we assume that com-
position of the smallest size aerosol is composed of two groups of particles. One which has an f
of 1 and is not hygroscopic and composes about 30% of the aerosol, while the remainder of the
aerosol is assumed to be made up of an urban aerosol. The two sea salt components differ only
slightly from each other.




In a similar way the absorption coefficient is calculated in equation (12) with the f factor
described above.

Table 6. Constants for equation (17) and the range of relative humidity (RH) validity.

Gerber [25].
Aerosol NAM C7 C8 Range of
Model Component Validity
Sea Salt 2 1.83 5.13 RH<99.9%
Sea Salt 3 1.97 5.83 RH<99.99%
Urban 1 1.28 241 RH<99%
Rural 1 1.17 1.87 RH<99%

A TEST DRIVER FOR NOVAMSR

A driver is included (see appendix A) that illustrates the use of NOVAMSR. This is a simple
program that makes a profile of the NOVAM outputs at altitudes of 10 meters, 100 meters, and
200 meters, etc., up to the end of the available meteorological data. The use of the logical param-
eter REPEATFLAG is illustrated where it is “false” for the first call to the subroutine and “true”
for the following calls to it. The information needed for the operation of NOVAMSR is included
in the file NOVAM.INI, which contains the file names of the surface observation file, the meteo-
rological profile file, the type of data to expect the profile data to be in, and the wavelength at
which the calculations are to be made. The operation of this driver is illustrated in figure 4. Once
started, the program uses the file NOVAM.INI, operates the NOVAMSR and prints the results in
the OUT1 file, and then ends. A detailed view of this operation is shown in figure 5 in which the
NOVAMSR is seen using the information in the surface observation file and in the meteorologi-
cal profile file. The names of these files are given to the driver program via the NCVAM.INI file
and then the driver supplies the names to the NOVAMSR by means of the pararneters exchange.
The driver must call NOVAMSR a number of times to make a complete profile. Each call to
NOVAMSR returns one set of parameters for one altitude and one wavelength.

@ "NOVAM.INI"

SAMPLE NOVAM

DRIVER SUBROUTINE

T\_\ "OUT1."

CEND D

Figure 4. A flowchart showing the operation of the subroutine
NOVAM under the control of a driver.
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NOVAM.INI
‘ Surface Observation @

1 Meteorological profile 1@
N

Sample
Driver
Program

(FORTRAN)

Output file

Figure S. Flowchart showing the flow of information in a simple
program which utilizes a driver and the NOVAM.

THE STRUCTURE OF NOVAMSR

The structure of the subroutine is shown in simplified form in figure 6. The structure shows
the general flow of the program including how the “repeat” flag directs the program around the
parts of the code that performs the conditioning and the analysis of the radiosonde data when a
repeated calculation of this would be redundant. This allows for the bypassing of unneeded pro-
gramming and shortens the net processing time required to obtain a series of runs with the same
set of input data. The chart also shows how one of three paths is selected for the actual modeling
of the vertical structure depending on the values contained in the preamble analysis.

One problem of the flowchart type of presentation shown in figure 6 is the production,
manipulation, and destruction of data files is not shown. Therefore, this aspect of the program
must be described with words. The input data list for the program is given in table 1, and in this
list are two file names that contain the information on which NOVAM calculation is based. The
structurc of the surface observation file discussed in detail above and sample structures of the
radiosonde data file are given in tables 4 and 5. The profile data must be such that the altitude
values be monotonically increasing for the type “N” file or the pressure be monotonically
decreasing for the type “R” file. The type of file “N” or “R” must also be given as the datatype
parameter of the subroutine. If the data are of the “N” type, they contain aititude, potential tem-
perature, and mixing ratio for each observation. These data must be converted into a type “R”
file so that the data conditioning can take place. Thus, if the radiosonde data are of the “N” type,
an “R” type is generated called PATRH.DAT and is in the local directory. On the other hand, if
the data are already of the “R” type, then they are copied into the file called PATRH.DAT for
conditioning and analysis.

At the conclusion of the filtering, conditioning, and analysis section of NOVAMSR, a file
called SIGFILE is generated that contains values of pressure, air temperature, and RH for levels
at which significant changes take piace. The first line of SIGFILE contains a single number that
1s the number of significant levels contained in the file.
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Figure 6. A simplified flowchart of NOVASMSR.

The next step in the conditioning process is to use the data in SIGFILE to obtain the profile
parameters needed by NOVAM. This implies the detecticn of the existence and number of sig-
nificant air temperature inversions, and the determination o information about altitude, potential
temperature, and mixing ratio of points where the inversion starts and ends. This preamble
information is added to the beginning of an internal profile data in an array called RDATAARY,
which is similar in structure to the previous NOVAM input radiosonde files. This concludes the
preliminary conditioning, filtering, and analysis part of the program. This part may be bypassed
if the “repeat flag” parameter of the NOVAMSR input is “true.” The internal array called
RDATAARY contains all of the radiosonde profile information needed by NOVAM to make a
calculation.




The first step of the actual NOVAM calculation is to make the selection of which of the three
models to use. This decision is based on the information in the preamble part of RDATAARY. If
there is no inversion detected, then the “strong convection” case is selected. If there are two air
temperature inversions detected, then the “weak convection” code is selected, and if there is only
one inversion detected, then the “stable marine boundary layer model is used.” In each of these
models, the size distribution parameters, the RH, and the extinction and absorption at the
wavelength and altitude requested is calculated and returned to the cailing program.

Filtering

The first thing that is done in the NOVAMSR is to condition the raw radiosonde data to elim-
inate spurious observations and noise that often accompany raw data. This is accomplished by
employing a series of numerical filters to smooth the pressure, air temperature, and RH data
points found in the file “PATRH.DAT.” Much of the programming code is patterned after the
data-smoothing programs found in Press et al. {26]. After the data have been sufficiently
smoothed, the meteorologically significant levels and the data associated with them are sent to a
file called “SIGFILE” as shown below.

[ “PATRH.DAT” ---.-> | FILTER ] ---—-> “SIGFILE" |

Determination of Profile Parameters

The profile parameters are determined by the subroutine called PREAMB. This subroutine
reads the conditioned parameters, pressure, air temperature, and RH from the “SIGFILE” profile
data file. The logic behind this program is that it looks for significant temperature inversions in
the SIGFILE data profile and uses meteorological values associated with these inversions to fill a
(§,3) matrix preamble (see table 7) is inserted ahead of the altitude, potential temperature, and
mixing ratio data used by the NOVAM models. The elements of the preamble preceding the
actual radiosonde observations are parameters that describe the structural characteristics of the
profile. This discussion involves the potential temperature and the mixing ratio—two meteoro-
logical parameters that change in altitude for a well-mixed situation. The structure of the profile
is represented by a multisegment-d line fitted to the SIGFILE profile data points.

Table 7. The NOVAM preamble.

(L.1) (1,2) (1,3)
) 2,2) (2,3)
G.1) (3.2) (3.3)
(@.1) (3.2) (@.3)
. (5,2) G.3)

Starting at the lowest levels and going up, temperature inversions are looked for. For an
inversion to be “significant” for this program, a certain amount of logical analysis must be done
on the data before they are accepted as a real inversion. The actual code required to do the
analysis is recorded in the APPENDIX under the subroutine PREAMB. This analysis essentially
tries to fill the preamble matrix with the appropriate data starting with element (1,1) that contains
the number that is five more than the number of data points in SIGFILE. Elements (1,2) and
(1,3) contain the surface observations of the air temperature (potential temperature at the sea sur-
face), and the mixing ratio, respectively. The process then continues to searcl, for one or two
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significant temperature inversions and to record the appropriate sounding data into the other
parts of the preamble matrix. This is done by making a gradient profile calculated by AT/Ap for
each two adjacent data points and recording the value as long as the absolute value of AT is
greater than 0.19°C and the absolute value of the pressure step, Ap, is greater than 0.9 mb.
Values less than this are defined as 0.0. This assures us that the measured data differences are
greater than those due to instrument error. Finally, a series of negative AT/Ap values are only
accepted if the net increase in temperature from the bottom to the top of the inversion is greater
than 1.6°C. When the first legitimate temperature inversion is found, then the elements (2,1),
(2,2), (2,3), (3,2), and (3,3) are recorded in the preamble matrix. See figure 7 for an illustration
of the meaning of the matrix elements on a stylized segmented type “N” profile plot. Element
(2,1) contains the altitude the inversion starts, element (2,2) contains the potential temperature
just below the inversion, 2nd element (3,2) contains the potential temperature just above the
inversion. In a similar way, element (2,3) contains the mixing ratio just below the inversion and
element (3,3) contains the mixing ratio just above the inversion. A similar searching process is
continued as altitude increases until either the end of the data is reached or a second inversion is
found. If the second inversion passes the criterion discussed above, then the matrix elements
4.1), (4,2), (4,3), (5,2), and (5,3) are also recorded. Element (4,1) contains the altitude the
second inversion staits. Element (4,2) contains the potential temperature just below the inver-
sion, and element (5,2) contains the potential temperature just above the inversion. In a similar
way, element (4,3) contains the mixing ratio just below the inversion and element (5,3) contains
the mixing ratio just above the inversion.

When there is only one inversion found, the data elements (4,1), (4,2), (4,3), (5,2), and (5,3)
all contain the value —999.0. This is the simple MBL case. Finally, if no temperature inversions
are found, then elements (2,1), (2,2), (2.3), (3,2), (3,3), (4.1), (4,2), (4,3), (5,2), and (5,3) all con-
tain values of ~999.0. This is the case where convective activity is usually in operation. This
information in the preamble is used to decide which of the three model to use in a particular
calculation.

Almost Well-Mixed Boundary Layer Model (One Inversion)

The important feature of this model is it allows gradients to exist in the MBL for passive
scalar contaminants such as marine aerosol. Furthermore, these gradients are calculated from the
available meteorological parameters using the various scaling laws developed by Fairall and
Davidson [27]. Using these ideas, we calculate a gradient in the concentration, dA/dz, of marine
aerosol in the boundary layer tc be

dfé - h—-lli. (S =V, +25- WAy - A,) (1)

where

(1) “h”is the height of the MBL, which is the height of the inversion and is stored in element
(2,1) of the "DATAARY.

(2) w, is the convective scaling velocity calculated from the bulk micro meteoroingical scaling
equations based on infermation from the surface observation file. This is calcuiated as “wstr” in
the subroutine WEZ.

(3) S s the source terms of the aerosol at the sea surface. This model uses the table lookup
routir.e in WHITEFLUX based on observations by Fairall, Davidson and Schacher [28].
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(4) Vjy is the dry deposition velocity or fallout term of the aerosol at the sea surface. This cal-
culation is based on the theory of Slinn and Slinn [29] and modified by Fairall and Davidson
[27]). :

(5) W, is the entrainment velocity at the top of the MBL, and is based vn measured informa-
tion about the boundary layer contained in the surface observation file and the preambile to the

(6) Ag is the concentration of aerosol size at deck level (in this case it is determined by the
four-component NAM).

(7) Ap is the concentration above the MBL of that class of aerosol. This will be set to zero for
sea salt-generated aerosol and to the surface value for the background aerosol.

These values are calculated by the various methods and put together into equation (31) to
determine the gradients of the various modes.

Given the calculated gradients of each of the four aerosol types, as well as their concentration
at the surface, this model gives the concentration of any atmospheric constituent as a function of
altitude within the MBL. '

Af2) = AL0) + z - %" : (32)

The realistic assumption is that the concentration of the aerosol can never be negative. It is fur-
ther assumed that the concentration of the sea salt aerosol above the boundary layer is zero and
that the background aerosol has the same value at altitudes above the MBL as it had at the MBL.
It is also assumed that the background aerosol has no source at the sea surface.

This technique can estimate the concentrations of different aerosol classes for which surface
concentrations are available at any altitude, z. The total aerosol size distribution at z consists of
three or four lognormal curves representing the size distribution of the classes of aerosol pro-
duced at the sea surface, modified by the concentration determined by the different gradients and
the altitude. Given this size distribution at z and the measured or interpolated RH at z obtained
from the atmospheric sounding, the aerosol size distribution adjusted for an RH is determined.
At this point, the optical properties of the aerosol can be obtained by invoking the set of simpli-
fied conversion algorithms that gives the optical properties of the parcel of air at that particular
level. This process (described in equation (20)) is a rapidly executable table lookup routine that
requires the databases of precalculated Mie computations for lognormal distributions of the
various types of aerosols for its operation.

Weak Convection Model (Two Inversions)

This model describes the situation in which scattered cumulus clouds may be present and the
well-mixed layer is confined to the region below the cloud base. In the region above the cloud
base and below the cloud tops, strong vertical gradients of aerosol concentrations may be
observed, Davidson and Fairall [30). They show the profile of «)ncentrations of various classes
of aerosol are dependent on various meteorological parameters. These parameters are determined
from the structural characteristics of the potential temperature and the mixing ratio profiles
obtained from radiosonde profiles. Figure 8 shows a simplified profile of the aerosol
concentrations.
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MIXING RATIO POTENTIAL TEMPERATURE

2ND INVERSION

ALTITUDE

(2.3) 18T INVERSION

3.3)

SURFACE

(NUMBERS IN PARENTHESIS REFER TO MATRIX LOCATION)

Figure 7. Stylized profile definitions for use in the preamble. The figure
represents the segmented lines that compare data plots of mixing ratio and
potential temperature against altitude. Three altitudes are shown on the
figure, with the base of the plot being zero. Two values are to be placed in
the preamble matrix from data at this level. The surface values of the
potential temperature (as measured by the sounding device) is inserted in
position (1,2) of the preamble; the surface value of the mixing ratio is put
into position (1,3).

Our data, together with the techniques of Davidson and Fairal [30), are used by the
NOVAMSR to determine the gracient of the concentration between the two inversions. The sim-
plifying assumption is made that for each particular class of aerosol, the aerosol concentration at
the sea surface is the same as at the top and bottom of the cloud base level. With this assumption,
the concentration gradient is given by

re a4l n (33)
(14+n)- 6z
where
(éqb'ro—éeb'rq) '(52

= . 34

Oqy, and 06, refer to the “jumps” in the mixing ratio and the potential temperature at the lower

inversion; d¢g; and 06; refer to the “jumps” in the same quantities at the upper inversion; and 0z

refers to the depth of the layer. A, is the concentration of the particular aerosol mode at the sur-
tace, and A;, is the concentration above the top inversion.

These quantities are calculated by the computer from the data in the radiosonde preamble.
For instance, dg, refers to the jump in the mixing ratio values and is calculated from the matrix
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element points in figure 7 as R(4,3] - R[5,3]. Likewise, I, refers to the slope in the mixing ratio
in the region between the inversions and can thus be calculated from the various matrix element
terms.

The concentration profiles needed by NOVAMSR are then calculated with the gradient I of
equation (33) and with the surface values of the four modes of the aerosol concentration obtained
with the four-mode NAM at the surface. Assumptions about the aerosol concentration above all
of the inversions are made in the following manner: sea salt aerosols do not make it above the
second inversion; therefore, the A2 and A3 terms should be zero in this region. On the other
hand, the background aerosols Al and AQ (if it exists) are known at the surface but can be
estimated at altitudes above z2 in figure 8.

A A,
34
A SECOND INVERSION A‘
3 .
r r
23 0.1
FIRST INVERSION
22
. A‘ .
b
21
SURFACE
A A
1 4 r
SURFACE GENERATED CONTINENTAL GENERATED

Figure 8. Simplified aerosol concentration profiles. When the index
“i” is 0 or 1, then the continental-generated aerosol profile applies.
When the index “i” is 2 or 3, then the surface-generated aerosol
profile applies.

It is assumed that Ap— and Ag, are the same and that A;_ and A; 4, are the same. It is also
assumed that the region below z1 is well mixed forcing A;, and Ay, to be the same fori = 0,1,2,3.
This leads to the description of Ai(z) as

if0<z<zl Ai(z) = A;(0) fori=0,1,2,3
ifzl <=2<22 Ai(D)=A;(0) + (z-z)*T; fori=0,1,2,3 (35)
ifz2<=z Ai(2) = A;i(0) + (22 -zD)*[; fori=0,1

Ai(z)=0 fori=23

Given these relationships for the height variation of the concentration of the four aerosol modes,
they can be directly substituted into equations (11) and (12) to provide the optical properties of
the aerosol at the heights in question.




No Inversion Model

The third of the three models is the case where there is no real temperature inversion
apparent in the measured and filtered profile. Such a profile was the usual form obtained in the
tropical waters during the KEY-90 experiment. An example is shown in figure 9 where three
sounaings were taken in the same general area to the east of the Florida Keys near the town of
Marathon, Florida. Two of the soundings were done with the conventional balloon-bormne probe
and one with an instrument aircraft making a spiral vertical ascent from near the sea surface to 3
kilometers. They all show a constant decrease in air temperature with increasing altitude except
for “noise” superimposed on the record. The processing of the NOVAM subroutine would com-
pletely eliminate these “noise” blips and show a clean, no inversion profile with few significant

points.
AIR TEMPERATURE SOUNDINGS

3000

RADIOSONDES #8 AND #9

2500

2000
E
§ 1500 AIRCRAFT PROFILE
E
<
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<
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Y T ~r | I T — T =
10 15 20 25 30

TEMPERATURE (C)

Figure 9. Temperature profiles plotted from three soundings taken
from the KEY-90 data set on 14 July 1990. There are fluctuations and
kinks in these curves but the main temperature decreased monotonically
as altitude increased.

The no-inversion model assumes an exponential decrease in the marine aerosol produced at
the sea surface. The small-sized aerosol, which we assume are from the continental areas, are
well mixed in such an atmosphere; therefore, we assume that the concentration values deter-
mined at the surface are constant throughout the vertical dimension of the MBL. This refers to
bo'h the A0 and the A1 components. On the other hand, the aerosol generated at the sea surface
are assumed to have an exponential drop off with altitude. The scale heights of thcse exponential
curves wil! be different. The scale height of the A2 parameter has been determined empirically
by Wells, Gel, and Munn [31] to be about 800 meters; whereas the scale height of the largest
sized aerosol has been estimated, from various data sets the authors have looked at, to be about
50 meters.




This is expres. =d in mathematical form for the smallest size aerosol as

AQ(2) = A0(0) (36)
and
Al(2) = A1(0) ,

for the midsized aerosol as

A2(z) = A2(0) - exp(—gzﬁ) , (37
and for the largest class of aerosols as
A3(z) = A3(0) - exp(—-s%) . (38)

Of course the size distribution at any altitude will depend on these concentration vaiues as
well as the growth of these particles in the lognormal function due to hygroscopic action. In
addition, the concentrations at the surface, A0(0), A1(0), A2(0), and A3(0) will be calculated
from the amp, average wind speed, and current wind speed values corrected by visibility
measurement and IR measurements, if they are available.

This model then calculates the volume extinction coefficient and the volume absorption coef-
ficient from the multicomponent lognormal size distribution using the method of interpolation of
data between precalculated Mie calculations for the RH at that height. The subroutine then
returns all the EO data and size-distribution data for the given altitude and wavelength.

An example of how well the exponential model works in a no-inversion environment is
shown in figure 10. In this figure are plotted all of the 3.5 p extinction data as a function of
height obtained during the KEY-90 experiment mentioned above. Each of these individual mea-
surements is shown as a point in the figure rcgardless of the circumstances of the measurement,
such as what the RH was, or if clouds were nearby. Superimposed on these points are two lines.
One line is the least square fit of all of the points on the curve and it is labeled the least squares
fit of all aircraft data. The slope of this line shows that in the environment typical in the Floride
Keys area, the exponential model works well. The other line drawn in figure 9 is the least
squares line fitted to all of the NOVAM-predicted profiles obtained from all of the metcorologi-
cal soundings done with both the aircraft and with radiosondes.
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Figure 10. A combined plot of all KEY-9C 3.5 u extinction data
obtained from aircraft measurements of aerosol size distribution.
These points are plotted together on the same chart and exhibit a
mean characteristic. Least square fits to the data and also from all
of the NOVAM runs are plotted as lines in the figure. These data

show that in the mean, the exponential function with altitude works

uite well for the “no-inversion” types of data.
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CONCLUSIONS

We have presented a model for describing the EO properties of the unique marine aerosol
found in the regions from shipboard height to above several kilometers in aititude. The model
has been written as a self-contained FORTRAN subroutine so it could be incorporated into larger
scale models such as the LOWTRAN and MODTRAN codes. The model needs information on
the meteorological sounding at the site where the calculation is made as well as information on
certain meteorological parameters near the surface of the sea. The model has certain shortcom-
ings that need to be addressed in future modifications. First of all, the region of the applicability
is from shipboard leve! (about S to 10 meters) to regions above the lower troposphere where oth-
er aerosol models will be more appropriate. This leaves two areas that are not covered well by
the model. At the higher altitudes, various models developed by the U. S. Air Force and included
in the LOWTRAN/MODTRAN codes will be more accurate. On the other exireme, an important
propagation path that grazes the sea surface or passes through the region within a meter or so of
the sea surface is not adequately covered by NOVAM. This is because NOVAM is in part an
empirical model and based on measurements in the real world. Current interest from shipboard
level on down currently lacks observation data because of the difficulty in obtaining them. This
region will be especially important to IR propagation during rough weather and high seas where
many marine-generated drops and droplets are suspended in these lower levels of the
atmosphere. This problem is currently being remedied by a large-scale experiment called the
Marine Aerosol Properties and Imager Performance (MAPTIP) trial off the Dutch coast
sponsored by NATO. The results of this experiment will contribute to the development of an
advanced Navy aerosol model (ANAM) currently under development. These results can be
added into the modular format of NOVAM to increase its regions of application.

Another shortcoming in NOVAM is its somewhat limited types of weather situations in
which it is applicable. An earlier version of NOVAM included the region just below stratus
clouds, but because this model had a limited band of wavelength validity and required inputs that
are really incompatible with a self-contained model, this submodel was dropped from the current
model. Advances in these areas await the development of models from the basic research com-
munity sometime in the future.

An area of concern in the application of models such as NAM and NOVAM is the use of the
models in the close-in coastal areas. As these models were developed for the open ocean region
far away from the land influences, error would be expected when unusual sources of aerosol are
sent into the atmosphere by man-made sources. The amp concept was introduced into NAM and
NOVAM to compensate for these problems, but experience has shown that this is one of the
weakest parts of the models. It is the author’s opinion that a special coastal aerosol model needs
to be developed that will adequately take into account local sources of aerosol.
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APPENDIX INDEX Location of Functicns and Subroutines

TYPE NAME PG #
aaiiha—;
FUNCTION [ Altitude sS4
SUBROUTINE | AssignRSondcVars 104
SUBROUTINE | AssignT10 RHH QP 103 |
SUBROUTINE | Bulk 81
FUNCTION | C10 S5
SUBROUTINE | Calc_rh_atcmp press 101
SUBROUTINE | CheckRSondeData 101
SUBROUTINE | Convert 63
SUBROUTINE | Convert Rdata 102
SUBRQUTINE | Decpovel 79
FUNCTION | Diff cocf 61
FUNCTION | FNA 61
FUNCTION | FNB 61
FUNCTION | FNC 61
FUNCTION | FNH 61
FUNCTION | FNR 61
FUNCTION | FNTabs 59
SUBROUTINE | FOURI 74
FUNCTION | Fdpt 59
SUBROUTINE | Filter 64
FUNCTION | FmLnt 57
FUNCTION | Fgstar 56
FUNCTION | Frac 60
SUBROUTINE | Histogram 70
SUBROUTINE | Lint779 7
REAL FUNCTION | LOGI10 a9
SUBROUTINE | Linfit 84
SUBROUTINE | MAKE RDATAARY 102 |
REAL FUNCTION | Mu calc 60
SUBROUTINE | NOVAMSR 35
SUBROUTINE | NOVAMW 75
SUBRQUTINE | NolnvcrsionsCasc Y
SUBROUTINE | Optics 77
FUNCTION | Pal.t s4
CHARACTER*2 FUNCTION | Pad 61
SUBROUTINE | Parcel2 90
FUNCTION | Potential_temperature 53
FUNCTION | Powerl0 S3
SUBRQUTINE | Prcamb 105
FUNCTION | Qz 57
SUBROUTINE | REALFT 72
FUNCTION | RMix ratio 62
[ FUNCTION | RMixing ratio s3
SUBROUTINE | ReadSctupFile 63




TYPE NAME PG #
i
SUBROUTINE | SMOOFT 7
FUNCTION | Sgn 53
SUBROUTINE | Simpl¢BLCase 47
SUBROUTINE | Sky2 84
FUNCTION [ Smixr 56
SUBROUTINE | Sufin 98
SUBROUTINE | Swell 98
FUNCTION | Td 62
FUNCTION | Th 56
FUNCTION | Thstar 38
FUNCTION | Thz RIS
FUNCTION | Vappr 53
FUNCTION | Vp S8
SUBROUTINE | We2 &R
SUBROUTINE | WecakConvectionCasc 43
SUBROUTINE | Wecalc 8O0 |
SUBROUTINE | Whiteflux 82
FUNCTION | Xtoy 60
FUNCTION | Zcon 59
SUBROUTINE | Zerobin 72
FUNCTION | Zzero 85
|
\
32




APPENDIX A A NOVAM TEST DRIVER

PROGRAM DRIVERZ

File Name: OriverZ.FOR
Description: The main driver unit for all the Novem Calculation models.

Purpose: Main driver for NOVAM subroutines calculations. NOVAM produces
an output file, OUT1 containing extinction & absorption, RH &and the
80 -> a3 size distribution parameters at an altitude of 200 meters

Preconditions: SurfObsfile, RSondefile, and NOVAM.INI exists;
Global variables:
Revision History:

Date Programmer | Remarks
Jun 1993 | Stuart Gathman | made into a NOVAMSR driver

NN AN AN NN NN NN AN

ONONOOO0O0ONOO00NOO00O0n
L R A A " A B i

logical readok

logical repeatflag

character*10 WavelenStr
character*1? RSondefiieName
character*12 SurfQObsFileName
character®! Datalype

integer nettime, timei,K,M,S,1100TH

¢ {start the timer )
call gettim(h,m,s,i100th)
timet! = 3600*h+60*m+s

c { Run the NOVAM model )
open(unit=31,file='out!' status='unknown') ! The output file.
cail Reaasetupfile(WavelenStr, SurfObsFileName,
s RSondefileName, Datalype, ReadOk)
if (.NOT. ReadOKX) then
stop 'setup file novam.ini does not exist'
else
read(WavelenStr,'(f10.4)') WavelLen
endif
alt=10.0 tfirst altitude for calculation
repeatflag=(1.eq.0) (False define use inputdata for first point
call NOVAMSR(alt, wavelen,SurfObsfileName, RSondefileName,
s DataType,repeatflag,
} Ext, Abs,80,a81,:2,83,rh)
write(31,30) alt, rh, ext, abs,al,6nt,a2,al
30 format(th ,f7.0,1x,f5.1,1x,e10.3,1x,e10.3,4(1x,e10.3))
alt=0.0
do i1=1,50
att=alt+100
repeatflag=(1.eg.1)
call NOVAMSR(alt,wavelen, SurfObsfileName,RSondeFileName,
DataType,repeatflag,
s Ext, Abs,a0,a1,a2,83,rh)
if(ext .tt. 0.0) goto 55 !jump out of loop when data not available
write(31,30) alt, rh, ext, abs,a0,al, 82,83
enddo

c {Write the elapsed time for the run on the screen)
- 55 cali gettim(h,m,s,i100th)
nettime = 3600*h+60*m*s - timel
write(*,*) 'The net time of computation is:',nettime
end ! { driverZ2 main )




APPENDIX B MAIN NOVAM SUBROUTINE

File Neme: NOVAMsr. FOR

Purpose: Main driver subroutines for NOVAM calculations. NOVAM produces
outpu” file ExtincFileName which contains extinctior & absorption
vs. altitude data for later plotting.

Description: The Novam Calculation models.

Revision History:
10 Jan 1987 | Stu Gathman, NRL | Ver 0.02 Translated from TBASIC v1.02

26 Mar 1989 | Stu Gathmen ver 0.07

28 Mar 1989 | Stu Gathman Ver 0.08 Logic tree simplified
01 Jan 1991 Stu Gathman ver 0.10

22 Jan 1991 | Stu Gathman ver 0.1' many improvements

27 Sep 19971 | Charles McGrath Comments &dded

29 Oct 1991 | Charles McGrath Restructure/added procedures
Nov 1992 Linda Hitney converted from FASCAL to FORTRAN
Jun 1993 | Stu Gathman,NRaD | convert inte Fortran Subroutine

R N . i i i R ol IR R L S PR L VR S Sl

Version | Date | Programmer | Remarks

1.00 01 Jan 1961 Stu G. Gathman

1.01 27 Sep 1991 Charles McGrath Added comments

1.02 21 Oct 1991 Charles McGrath many Globals made local b

1.03 28 Oct 1991 | Charles McGrath NOVAM broken into procedures)

1.04 29 Oct 1991 Charles McGrath Divided into 3 smatter units)

2.15 03 Feb 1992 | Charles McGrath made an independent progarm )

2.15 10 Feb 1992 | Charles McGrath mod read inputs &t NOVAM.INI)

3.00 Nov 1992 | Linda Hitney converted from PSSCAL to >
FORTRAN )

3.10 01 Jul 1993 | Stuert Gathman NOVAM Subroutine in FORTRAN )

L N B N R G G N a N e s s B e B s B s B e B e B s B o B e B o B o B o B e B o B o BN o BN o B o BN 2 B o BN o BN o ]
PN NNINAV NN ONINININONANINAN AN NN AN NN AN AN A AN AN

SUBROUTINE NOVAKSR(alt,wavelen,SurfObsFileName,
} RSondefileName,Datalype, repeatflag,
$ Ext,Abs,a0,al,a2,83,rh)

This is & subroutine which exercises the NOVAM subroutines.
Inputs to this subroutine are:
alt, the altitude in meter
wavelen, in microns
SurfObsFiteName, name of surface observation file
RSondefileName, name of the radiosonde data file
DataType, n for NOVAM type or r for rs type
repeatflag, “true" if input data used before
“false" if new set of data.
Outputs from this subroutine are:
Ext, Extinction in 1/km at Wavelen
Abs, Absorption in 1/km at Wavelen
a0,81,a2,a3,rh (at alt)

O 0O DM OO0 000000

( Initielize variables )

save rdataary, rsdata,rscalc,sodata

include ‘rgcalc.inc!

include ‘rsdata.inc'

include ‘sodata.inc'

real RdataAry (200,3)

real preambie(5,3)

logical repeatflag

character* Datalype

character*12 RSondeF i leName

character*12 SurfObsFileName

( Check Initial Variables )
Vf(ALT (LT. ©.0) GOTO 98 1OUT OF RANGE
TF(ALT .GT, 6000.0) GOTO 98 10UT Of RANGE
IF(WAVELEN .LT. 0.2) GOTO 98 'OUT OF RANGE




1F(WAVELEN .GT. 40.0) GOTO 98 10UT OF RANGE

if(repeatflag) goto 11
do 2 j=1,3
do 1 i=1,200
rdataary(i, j)=0.0

1 continue
2 continue

¢ Check for NOVAM type data or Radio sonde type data from NOVAM.INWI

"

if ( Datalype .eq. 'N!
if(RSondefileName .NE.

“aptmr.dat') then

.or, DataType .eq. 'n'

) then

open(unit=24, file=RSondaFfileName, statuss'old')

open(unit=23, file='aptmr.dat', statusz 'unknown’)

read(unit=24,fmt=8,e
write(unit=23, fmt=9)
goto 6

endi f

format(3€10.2)

format(3(f10.3,2x))

continue

close (24)

close (23)

call convert ! aptmr.dat ---> convert ---> patrh.dat

else
Irsonde type data

if ( DataType .ne. 'R' .and, Datalype .ne. 'r' ) then
write(*,*) *'4th line of novam.ini file must indicate’

nd=10) a,b,c
a,b,c

write(*,*) 'data type in colum 13*
or NOVAM type data‘'
write(*,*) 'r or R for RSONDE type dats’

write(*,*) ‘nor N ¢

GOTO 98 * DOES NOT RECOGNIZE THE DAYA TYPE

endif
endi f

call filter | patrh.dat ---> filter----> gigfile

call preamb(SurfObsfileName,preamble) | sigfile---> preamb -->preamble()

{ Read RADIOSONDE data f

ile )

call MAKE_RDATAARY(preamble, rdataary)

call CheckRSondeData(Rda

teAry)

( Read in SURFACE OBSERVATIONS File )

call Sufin(SOData, SurfObsFileName)

( Assign Surface temp, rel humidity, & mixing ratio if not measured )

call AssignT10_RHH_QP(RD

{ Asgign Rsonde data to

call AssignRSondevars(RDataAry, RSData, RSCalc, SOData)

continue
roum=rdatasry(1,1)

lastl ine=int(rnum)

if (rdateary(lastline, 1)

{ Run the NOVAM model )

if(rdateary(2,1) .lt,
ff({rdataary(4,1) .gt.
if(rdataary(2,1) .gt.

write(*,*) 'miss!'
goto 98

ataAry, SOData)

GLOBALS globalis )

.lt. alt) goto 98

0.0) goto 77
0.0) goto 888
0.0) goto 999




888

’ 999
$

98

if( .NOl. repeatflag) write(*,*)'Strong Convection Case'

cali NolnversionsCase(wWavelLen, Alt, Ext, Abs, RH,a0,81,22,
a3, rdataary,sodata)

goto 99

if( .NOT. repeatflag) write(*, *)'Weak Convection Layer Case’
call WeakConvectionCase(rsdata,Wavelen, Alt, Ext, Abs,

RH,a0,a1,a2,a3, rdataary,sodata)
goto 99

if( .NOT. repeatflag) write(*,*)'Simple Boundary Layer Case'
call SimpleBLCase(rscaic,wWavelen, Alt, Ext, Abs,

RH,a0,al,a2,83, rdataary,sodata)
goto 99

ext=-999.9 Ino data output
8bs=-999.9
a0=-999.9
81=-999.9
82=-999.9
a3=-999.9
rh=-999.9

99 end ! { NovamSR subroutine )




APPENDIX C NO INVERSION, CONVECTION MODEL
SUBROUTIKE NolnversionsCase(
$ Wavelen, alt, ext, abs, rh,a0,al,a2,al, RDataAry, SOData )
c (-----'.'2=========:::::'-'::::::::==::::::::::::::::::::::::::‘.::::::::::::.‘:)
¢ ( Purpose: To provide extinction and absorption at altitude, alt and )
¢ ( wavelength, wavelen, for the case of no inversion. )
c ( )
¢ { Called by: Novamsr )
c ( Calls out: Optics, fna, fnb, fnc, palt, xtoy, smixr )
¢ ( )
. ¢ { Preconditions: )
¢ { Global variables: )
¢ { Revision iistory: )
c ( --------------------------------------------------------- ececsacancacsnce )
¢ { Date | Programmer | Remarks )
c ( ----------------------------------------------------------------------- )
¢ { 29 Oct 1991 Charles McGrath Created Procedure from UNOVAM, NOVAM )
[N ¢ Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
¢ { June 1993 Stuart Gathman Converted into a one input, )
c( one output subroutine )
[ (==::::==::::==:==:====r==:::::::::::===:::=====:=:‘.’=::::::=::=::==:=::=)
real ko, ks
real smr, mr
real RDataAry(200,3)
include 'sodata.inc’
integer exactflag, altflag
cxactflag=0
HZ = 800.0 !(Scale height given by Wells, Gel & Munn )
K3 = 50.0 t(Scale height estimated by Gathman )
210 = 10.0
if (SOData.SVis .GT. 0.0) then
! (Use input visipiiity to correct gata)
if (SOData.AMP .GT. 5.0) then
call Optics(0.3*fna(SC0ata.ANP),
H 0.7*fna(S00Data.AMP),
s fnb(500ata.UAve),
$ fnc(S00ata.u10),
H SODats.RHH, 0.55,
$ ext, absorb,
$ S0Data.AMP)
eige
call Qptics(0.0, fna(SO0ata.AMP),
$ fnb(S00ata.UAve), fnc(SQData.U10),
H So0ata.RHH, 0.55, ext, absorb,
s SOData.AMP)
endif
extvis 3 3,9/500ata.SVis
ko = extvis/ext
. elge
ko = 1.0
encit
¢ At this point ko is the correction te~m based on svis
¢ Calculate ks for the correction term for the sea salt terms from the
¢ IR measurements at 10.6 microns
¢ Use input ir extinction @ 10.6 MICRONS to correct data.

if (SOData.IRExt .GT. 0.0) then

if (SOData.AMP ,GT. 5.0) then
call Optics{ 0.3*fna(S00ata.AMP;,




0.7*fna(S00ata.AMP),

fnb(SO0ata.UAve), fnc(S00ata.u10),
SOData.RHK, 10.¢, ext, absorb,
SOData.AMP)

e

else
call Optics(0.0, fna(SOData.AMP),

$ fnb(S0Data.UAve), fnc(SOData.u10),
s SO0ata . RHH, 10.6, ext, absorb,
- 4 SO00ata.AMP)
endi f
ks = SOData.IRExt/ext ! ks is the correction factor for 10.6 micron wavelength
else
ks = ko
endif

c (At this point ks is the correction term based on irext)

if (SOData.AMP .GY. 5.0) then
call Optics( 0.3*ko*fna(SOData.AMP),
0.7*ko*fna(S0Data.AMP),
((kovks)/2.0)*tnb(S0Data.UAve),
ks*fnc(S00ata.U10), SOData.RHH, Wavelen,
ext, absorb, SOData.AMP)

AN

else
call Optics(0.0, ko*fna(SOData.AMP),
((kotks)/2.0)*tnb(SOData.UAve),
ks*fnc(SOData.U10), SO0Data.RHH, Wavelen,
ext, absorb, SOData.AMP)

" " »

endi f
temprhh=S0Data.RHH
8=Rdataary(i,1)

npts int(a)
2ZHgt = RdateAry{npts,1)

¢ set up for & lognormal system for altitude ALT.

if ((SOData.AMP .GT, S.0) .AND. (alt .LT. 1000.0)}) then
v0 © 0.3*fna(SOData.AMP)
vl =2 0.7*fna(SOData.AMP)

else
v) = 0
vl = fne(SO0ata.AMP)
endif
ex = alt/he
if (ex .GT.80.0) then !(This is a nunerical trick to keep functions)
v2 = 0.0 1{working at smell numbers ie less than 1/10°34.)
else
v2 = frb(S00ata. UAve)*EXP(-alt/H2)
endif
ex = alt/h3
if (ex .GT.80.0) then »
v3 = 0.0
else
V3 = fnc(SOData.UT10)Y*EXP(-alt/H3)
endif

At this point, We need to find where the input altitude is with respect to the
various altitudes on the radiosonde data array. We then will find the closest
altitude that the radiosonde uses just above the input altitude ano just below
the input altitude.

o000




¢ Technique for bracketing the input altitude with the two nearest
c sigfile altitudes.

altflag=-1
exactflag=-1
do 10 i=4,npts

if (alt .lt. RdataAry(i,1)) goto 11
if (alt .eq. RdataAry{i, 1)) goto 12
10 continue
11 altflags=i
. goto 13
12  exactflagsi
13 continue

if (exactflag .gt. 0) goto 20 ino interpolation necessary in this case
if(altflag .eq. 6) goto 15

¢ Here altflag is the index just below the altitude and altflag + 1 is just above
the desired altitude. We will do linear interpolation to find the require
¢ relative humidity from the knowledge of the RdataAry and Altflag.

(o]

Theta=(RdataAry(altflag,2)-RdataAry(altflag-1,2))
theta=theta*(alt-RdataAry(altflag-1,1))
theta=theta/(RdataAry(altfiag,1) - RdataAry(altflag-1,1))
theta=theta + RdataAry(altflag-1,2)

mr=(RdatoAry(altflag,3)-RdataAry(sltflag-1,3))
mr=mr*(alt-RdataAry(altflec-1,1))
mrzmr/(RdataAry(altflag,1) - RdataAry(altflag-1,1))
mr=mr+(RdataAry(altflag-1,3))

goto 30

15 rh_at_2z=SODATA.RHH
goto 40

20 Theta=rdataary(exactflag,?2)
mr=RdataAry(exactflag,3)

30 continue

! ( ......... Rt S @easacsssacacscesssssisterTrreces e rracrm oo asaa et an
! at this point we need to calculate the relative humidity from
! the potential temperature, RdataAry(i,2) and the mixing ratio
! QdataAry(i,3)., This is accomplished by finding the saturation
! mixing ratio at the potential temperature and then the ratio
| of 100 * r/rs is the relative humidity. Note that | have a
! routine which gives rs = 0.622 * vappr(T) /{(p(2) -vappr(T1))
t if | know T in degrees C. from List p3U8, we see that
t th = t *(1000/p)° (2/7)

testp = palt(alt)
¢ Here tatz is the temperature at altitude alt

tatz = (Theta+273.15) * xtoy(1000.0/testp, -0.286)-273.15
smr r 1000.0* smixr(slt, tatz)
rh_at_z = 100.0%mr/smr
rh_at_z = MIN(rh_at_2, 99.9>
40 call OPTICS(ko*v0, ko*vl, ((ko+ks)/2.0)*v2, ks*v3, rh_at_z,
$ wavelLen, ext, sbs, SOOata.AMP)

rh=rh_at_z
a0=v0
al=vi
a2=v2
al=v3
END ! ( WolnversionsCase )




APPENDIX D THE WEAK CONVECTION MODEL.

subroutine WeakConvectionCsse(rsdata,
$ WaveiLen, alt, ext, abs, rh,e0,al,82,83, RDataAry, SOData )

( )
{ Purpose: To provide extinction and absorption at altitude, alt and )
( wavelength, wavelen, for the case of a weak convection )
{ Called by: Novamsr )
{ Calls out: Novamw )
( Preconditions: )
{ Globatl Varisbles: )
G R R AR R R e AR R L R R )
{ 29 Oct 1991 Chartes McGrath Created Procedure from UNOVAM.NOVAM )
{ Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN )
( Jun 1993 | Stuart Gathman Prepared for NOVAMSR operation 2}
( >

S S ZEEEEX IR SES S E S =SS T E R I SIS E S BN B SRS E S S S S S ST ESSESE SIS =TS SESESS

O ON0O0O0O0O000o0n 00

real RDataAry(200,3)
include ‘rsdata.inc’
include 'sodata.inc'
integer ALTFLAG,EXACTFLAG
real abs, ko, ks

¢ (At this point we calculate what the effect of the measured svis would be
¢ on the the profile. this part of the code added 1/22/91 by sgg )
¢ {Find what the estimated extinction would be a 0.5% microns)

if (SOData.SVis .GT. 0.0) then
I (Use input visibility to correct data)
if (SOData.AMP .GT. S.0) then
call Optics(0.3*fna(SOData.AMP), 0.7*fna(SOData.AMP),

$ fnb(S00ata.VAve), fnc(SODats.V10),
s SODats.RHH, 0.55, ext, absor, SOOData.AMP)
else
call Optics(0.0, fna(SO0ata.AMP), fnb(SOData.UAve),
3 fnc(SO00ata.U10),
$ SO0ata.RHH, 0.55, ext, absor, SOData.AMP)
endif

extvis = 3.9/50Data.SVis
ko = extvis/ext ! (ko is the correction factor for vis wavelength)
else
ko = 1.0
endi f
¢ (At this point ko is the correction term based on svis)
¢ (Celcutate ks for the correction term for the sea salt terms from the
c IR measurements at 10.6 microns)
it (SOData.IRExt .GT. 0.0) then
I {(Use input ir extinction @ 10.6 MICRONS to correct data)
if (SOData.AMP .GT. 5.0) then
call Optics(0.3*fna(SOData.AMP), 0.7*fna(S00ata.AMP),

$ fnb(500ata.UAve), fnc(SOData.U10), SOData.RHH,
$ 10.6, ext, absor, SOData.AMF)
else
call Optics(0.0, fna(SOData.AMP), fnb(SOData.UAve),
H fnc(S00ata.ui10),
s SOData.RHH, 10.6, ext, absor, SUData.AMP)
endif

' (ks is the correction factor for 10.6 micron wavelength)
ks = SOData.IRExt/ext

else
ks = ko t (the default case sets ks=zko)

endi f

¢ (At this point ks is the correcvion term based on irext)




¢ Technique for bracketing the input altitude with the two nearest
c sigfile attitudes.

altflag=-1
exactflag=-1
do 10 i=6,RDATAARY(1,1)

if (alt .lt. RdataAry(i, 1)) goto 11
if (alt .eq. RdataAry(i,1)) goto 12
10 continue
11 altflags=i
goto 13 *
12  exactflag=i
13 continue
IF(exactflag .gt. 6) goto 100 !'no it -polation necessary in this case
1f(altflag .gt. 6) goto S0 linterpolate mmr and theta. ]
c SURFACE CALCULATION

RH_AT_2=SODATA.RHH

if (SOData.AMP ,GT. 5.0) then
AD = 0.3*ko*fna(SOData.AMP)
Al = 0.7*ko*fna(SN0ata.AMP)
A2 = ((kotks)/2)*fnb(SOData.UAve)
A3 = ks*fnc(SO0ate.U10)
call Optics(AD,A1,A2,A5,

s RH_AT_Z, WAVELEN,
H ext, abs, SOData.AMP)
else
A0 = 0.0

A1 = ko*fna(SOData.AMP)
A2 = ((ko*ks)/2)*fnb(SOData.UAve)
A3 = ks*fnc(S00Data.U10)
call Optics(AD,A1,A2,A3,
s RH_AY_Z, WAVELEN,
} ext, abs, SOData.AMP)

endi f

goto 500

¢ Here altflag is the index just below the altitude and altflag + 1 is just above
the desired altitude. We will do linear interpolation to find the require
¢ relative humidity from the knowledge of the RdataAry and Altflag.

(2]

50 Theta=(RdataAry(altflag,2)-RdataAry(altflag-1,2))
theta=theta*(alt-RdataAry(aitflag-1,1))
thetaztheta/(RdataAry(altfleg,1) - RdateAry(altflag

$ -1,1)
thetaztheta + RdataAry(altfliag-1,2)
mr=(RdataAry{altflag,3)-RdataAry(altflag-1,3))
mr=mr*(alt-RdataAry(altflag-1,1))
mr=mr/(RdataAry(altflag,1) - RdataAry(altflag-1,1))
mr=mr+(RcataAry(altflag-1,3))
goto 200

! at this point we need to calcutlate the relative humidity from
! the potential temperature, RdataAry(i,2) and the mixing ratio
! RdataAry(i,3). This is accomplished by finding the saturation
! mixing ratio at the potential temperature and then the ratio

! of 100 * r/rs is the relative humidity. Note that | have a
! routine which gives rs = 0.622 * vappr(T) /(p(2) -vappr(T))
! if | know T in degrees C. from List p308, we see that
' th =t *(1000/p)° (2/7)

100 Thetazrdataary(exactflag,2)




mr=RdataAry(exactflag,3)
200 testp = palt(alt)

Here tatz is the temperature at altitude alt

tatz =
smr = 1000.0* smixr(alt, tat2)
rh_at_z = 100.0*mr/smr

= MIN(rh_at_z, 99.9)

if (RH_AT_2 .GT. 99.0) THEN

(Theta+273.15) * xtoy(1000.0/testp, -0.286)-273.15

Absor = 999.0 ! (! extinction and absorbtion cannot be calculated)

Ext = 999.0
else
t (Find A's)
call novamw(RSData,Alt, ko, 0,
call novamw(RSData,Alt, ko, 1,
call novamw(RSData, Alt,((kovks)/2), 2,
call novamw(RSData,Alt, ks, 3,
endif

! (calculate optics)
cell Optics(A0, A1, A2, A3, SOData.RHH,
s Abs, SODeta.AMP)

S00  RH=RH_AT_Z

end ! subroutine WeakConvectionCase

AQ, SOData)
A1, SOData)
A2, SOData)

A3, soData)

wavelen, Ext,

4
tn




APPENDIX E THE SIMPLE BOUNDARY LAYER CASE (SINGLE
INVERSION)

SUBROUTINE SimpleBLCase(rscalc,WaveLen, Alt, Ext, Abs,
s RH,a0,81,a2,a3,rdataary,sedata)

IS S SEE TSI SRS S EISEESSS IS SIASCSCCEISSEIESSSssSSsISI==Ss=2=2=SsISSSISEIT

Purpose: Mixed Boundary Layer Case (formerly called NOVAMC)
Uses Davidson-Fairall model
Called by: NOVAMSR
Calls out: Bulk, InitPDatavVector,
Wecalc, Depo.al, Whiteflux,
Optics, fna,fnb, fnc, Rh,
RealToStr
Preconditions:
Global variables: (many from GLOBALS)
Revision History:

NN N N N N S N S S A~

~

( 29 Oct 1991
( Nov 1992
( Jun 1993

Charles McGrath
Linda Hitney
Stuart Gathman

Created Procedure from UNTVAM NOVA
Converted from PASCAL to FORTRAN
Prepared for NOVAMSR operation

(o B B e T a T s T e B e B e B R 2 B e B e B s B B o B A B A B 2}

NN N N NN N N N N N N

include ‘rscalc.inc!
include *sodata.inc'

resl PData(12)

integer exactflag,altflag
real ROataAry(200,3)

real RO(3) 70.03, 0.24, 2.0/
real GAMA(3)/0.0, 0.0, 0.0/
real extvis, ko, ks

real Lcp

common/globals/dte,dqw,wthe,wq,ustar, tstar,qstar, tstr, tsky

¢ begin subroutine SimpleBLCase

210
Lcp

10.0 ! from GLOBALS ( altitude of 10 m )
2460.0 ' from GLOBALS

)
{ We need to define dte, dqw, gamap, gamar & zinv at this time! )
In order to do this calculation we must assume that all of )

{ this data is available before the subroutine is called. )
)

[N B NE A I 5 )
~

------- Assign Radiosonde Matrix values to more descript structure ----)
Rst10 is surface potentisl temp from radiosonde
tRsqp is surface mixing raetio from radiosonde
lbase is height of base of cloud layer

Tom is potential temperature at cloud base -
amb is mixing ratio at cloud base -
Tunits should be 1 if potential temperature C.
Tbp is potential temperature at cloud base
Qbp is mixing ~atio at cloud base +
Zi is height of the cloud top

( Thim is potential temperature at cloud top

Qim is mixirg ratio at cloud top

+

Tip is potential temperature at cloud top .
Qip is mixing ratio at cloud top +

.......................................................................

(2B e B S o I o T o N o B o A T S W B S S S A N 5 )
PN AN N S N A A A A N AN S A A~
B ol

rRst10 = RdataAry(1,2)
= RdataAry(1,3)

rRsqp




r2base = RdataAry(2,1)

rTbm = RdataAry(2,?)

rabm = RdataAry(2,3)
rTunits = RdataAry(3,1)

rTbp = RdataAry(3,2)

rdbp = RdataAry(3,3)

r2i t RdateAry(4,!)

rThim = RdataAry(4,2)

rQim = RdataAry(4,3)
rQunits = RdataAry(5,1)

rTip = RdataAry(5,2)

rQip = RdataAry(5,3)

(--- Initialize variables ---)

Dte = rTbp-rTbm

Dgw = rQbp-rQbm

Gamap = (rTbm - rRst10)/rZbase
Gamar = (rQbm - rRsqp)/ribase

{--- Find Longwave Radiation Fluxes to calculate sky temperature, Tsky ---)

call sky2(alt, RdataA'y, SOData.T10, SOData.Qp, tsky}

(--- Calculate Ustar, Tstar, varQstar, and Tstr ---)

call Bulk(SODate.U10, RSCalc.thab, RSCalc.Tdelta, RSCalc.Qdelta,
s Ustar, Tstar, Qstar, Tstr)

{--- Calculate Wq, Wt, Wtv, Wte, Wthe ---)

Wt = -Tstar * Ustar

Wty = -Tstr ™ Ustar

Wq = -Qstar * Ustar / 1000.0

Wte = Wt + RSCALC.Fthet * Lcp * Wq

Wthe = -Ustar ™ Tstar ¢ 2460.0 * (-Ustar * Qstar) / 1000.0

(--- Calculate We and Wstr ---)

call Wecelc(PData, RSCalc, SOData)

tempwe=RSCalc.We

{--- Calcutate 2?? ---)
Rrhun = 98.0 ! (' rh used in depovel routine)

do!l =1,3

dsize = RO(1)/5.0E+05

call Depovel(i, dsize, Rrhum. RSCalc.thab-273.15,
$ Ustar, Vd, Vgdry, SOData)

t (! Note that RO is radius in microns, while the 3rd depovel )
! { size paremeter, AD is diameter in meters. )

call Whiteflux(Ss, SOData.ul0, RO(1))

if (1 .€£0. 1) then

Xsr = FNA(SOData.AMP)
Xp = Xsr
endi f

if (1 .EQ. 2) then
Xsr = FNB(SOData.UAve)
Xp = 0.0

endi f

if (1 .£Q. 3) then
Xsr = FNC(SOData.Ul10)
Xp = 0.0

endif
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tempwe=RSCalc.We

I (! make iritial guess at tttt)
Ttet = 1.5%(Sr-vd*Xsr+2.5*RSCALc.We*(Xsr-Xp))
temp=rscalc.zinv
temp=rscalc.wste
GAMA(l) = Tttt/(RSCalc.Zinv*RSCalc.Wstr)
Tete = 1,5%(Sr-vd*Xsr+2.5*RSCalc.We*
$ (RSCalc.Zinv®GAMA(] j+Xsr-Xp))

t (! cec. gama after first interation in tttt)
. GAMA(1) = Tttt/ (RSCalc.2Inv*RSCalc.WStr)
GAMA(1) = -1.0"GAMA(i)

enddo | (for loop)

¢ ( At this point we calcutate what the effect of the measured svis would )
¢ { be on the the profile. this part of the code added 1/22/91 by sgg M)
¢ { Find what the estimated extinction would be a 0.55 microns 3

if (SOData.SVis .GT. 0.0) then
! (Use input visibility to correct data)
if (SOData.AMP .GT. 5.0) then
call Optics(0.3*fna(SOData.AMP),

s 0.7*fna{S00ata.AMP),
s frnb(SOData.UAve), fnc(50Data.u10),
$ SOData.RHH, 0.55, ext, absorb, SOData.AMP)
else
call Optics(0.0, fna(SOData.AMP), fnb(SOData.UAve),
fnc(SOData.uU10), 50Data.RHH, 0.55,
1 3 ext, absorb, SOData,.AMP)
endif
extvis = 3.9/500ata.Svis
ko = extvis/ext
else
ko = 1.0
endi f

¢ { At this point ko is the correction term based on svis )

¢ (--- Calculate ks vor the correction term for the sea salt terms ---)
¢ {--- from the [R measurements at 10.6 microns --)
if (SOData.IRExt .GT. 0.0) then
! (Use input ir extinction A 10.6 MICRONS to correct dats)
if (SOData.AMP .GT. 5.0) then
call Optics(0.3*fna(SO0ata.AMP),

3 0.7*fna(S00ata.AMP),
} fnb(SOData.UAve), fnc(SOData.u10),
SOData.RHH, 10.6, ext, absorb, SOData.AMP)
else
call Optics(0.0, fna(SOData.AMP), fnb(SOData.UAve),
; s fnc(SOData.uU10), SOData.kH4, 10.6,
i . $ ext, absorb, SOCata.AMP)
endi f
ks = SOData.lRExt/ext ! (ks is the correction factor for
. ! 10.6 micron wavelength)
else
ks = ko
endi f

¢ { At this point ks is the correction term based on irext )

if (SOData.AMP .GT. S.0) then
call Optics(0.3%ko*fna(SOData.AMP),
s 0.7*ko*fna(S0Data.AMP),
3 ((ko+ks)/2)*fnb(SOData . UAve),
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s ks*fnc(SOData.u10), SODate.RHH,
$ WaveLen, ext, absorb, SOData.AMP)

else

call Optics(0.0, ko*fna(SOData.ANP),

s ((ko+ks)/2)*fnb(SOData.UAve),
s ks*fnc(SOData.U10), SOData.RHH, Wavelen,
3 ext, absorb, SOD&te.AMP)

endi f

temprhh=500ata.RHH

¢ Technique for bracketing the input altitude with the two nearest
¢ sigfile altitudes,

altflag=-1
exactflag=z-1
do 10 i=6,RDATAARY(1,1)

if (alt .lt. RdataAry(i,1)) goto 11
if (alt .eq. RdataAry(i, 1)) woto 12

10 continue

1M altflag=i
goto 13

12  exactflag=i

13 continue
If(exactflag .gt. 6) goto 100 Ino interpolation Necessary in this case
1fF(attflag .gt. 6) goto S0 !interpotate mm- and theta.

c SURFACE CALCULATION

RH_AT_Z=SODATA.RHH

if (SOData.AMP .GT. 5.0) then
AO = D.3*ko*fna(SOData.AMP)
Al = 0.7*ko*fne(SOData.AMP)
A2 = ((ko+ks)/2)*fnb(SOData.UAve)
A3 = ks*fnc(SNData.uU10)
call Optics(AO,A1,A2,A3,

s RH_AT_Z, WAVELEN,
$ ext, abs, SOData.AMP)
else
A0 = 0.0
Al = ko*fna(SOData.AMP)
A2 = ((ko+ks)/2)*fnb(SOData.UAve)

A3 = ks*fnc(SO0ata.U10)
calt Optics(AD,A1,A2 A3,
] RH_AT_2, WAVEIEN,
$ ext, &bs, SOData.AMP)

endif

goto 5000

¢ Here altflag is the index just below the altitude and altflag + 1 is just above
the desired altitude. We will do linear interpolation to fird the reguire
¢ relative humidity from the knowledge of the RdataAry and Al cflag.

©

S50 Theta=(RdataAry(altflag,2)-RdateAry(altflag-1,2)) .

thetasztheta*(alt-RdataAry(altflag-1,1))
thetaztheta/(RdataAry(altflag,1) - RdataAry(altflag

S -1,1))
theta=theta + RdataAry(altflag-1,2)
mr=(RdataAry(altflag,3)-RdataAry(altflag-1,3))
mr=mr*{alt-RdataAry(altflag-1,1))
mr=mr/(RdatesAry(altflag,1) - RdataAry(altflag-1,1))
mr=mr+(RdataAry(altflag-1,3))
goto 200
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! at this point we need to calculate the relative humidity from
| the potential temperature, RdataAry(i,2) and the mixing ratio
1 RdataAry(i,3). This is accomplished by finding the saturation
| mixing ratio at the potential temperature and then the ratio

t of 100 * r/rs is the relative hunidity. Note that | have a

t routine which gives rs = 0.622 * vappr(T) /(p(z) -vappr(T))

' if 1 know T in degrees C. from List p308, we see that
! th =t *(1000/p)° (2/7)

100 Theta=rdataary(exactflag,?)
mr=RdataAry(exactflag,3)
. 200 testp = palt(ait)

¢ Here tatz is the temperature at altitude alt

totz = (Theta+273.15) * xtoy(1000.0/tesip, -0.286)-273.15
smr = 1000.G* smixr(alt, tat2)
rh_st_2 = 100.0%mr/smr

if (RH_AT_2 .le. 99.0) goto 2000
Ext = 999.0

Absor = 999.0 ' (! extinction and absorbtion cannot be calculated)
goto S000

2000 Alt_of _obs = alt

(?777! CALL Parcel2(Pdata, Rh, D1, D2, D3, D4, DS, D6, D7, D8))
{find A0 & A1}
if (Alt_of_obs .LE. RSCalc.ZInv) then

if (SOData.AMP .GT. 5.0) then

Al = Alt_of_obs*GAMA(1)+fna(SOData.AMP)
AD = 0.3 * A}
Al =07 * A1
else
AD = 0.0
Al = ALt_of_obs*GAMA(1)+fna(S0Data.ANP)
endif
else
A0 = 0.0
A1 = RSCalc.2Inv*GAMA(1)+fna(S0Data.AMP)
endif
! (find A2)
if ((Alt_of_obs.LE.RSCalc.ZInv) .AND.
1 {Alt_of_obs*GAMA(2)+fnb(SOData.UAve)}.6T1.0.0)) then
A2 = Alt_of_obs*GAMA(2)+fnb(S00ata.UAve)
else
A2 = 0.0
endi f
! (find A3)
if ((Alt_of_obs .LE. RSCalc.Zlnv) ,AND.
s (Alt_of_obs*GAMA(3)+fnc(S0Data.U10) .GT. 0.0)) then
A3 = Alt_of_obs*GAMA(3)+fnc(SOData.V10)
else
A3 = 0.0
endif

call Optics(ko*al, ko*Al, ((ko+ks)/2)*A2, ks*a3, rh_at_z,
$ waveLen, ext, Abs, SOData.AMP)

5000 rh=rh_at_z
a0=ko*s0
al=ko%al
a2=((ko*+rs)/2)%as
aj=ks*a2
end ' ( procedure SimpleBLCase )




APPENDIX F  FUNCTIONS USED IN NOVAMSR

FUNCTION sgn(x)
if (x .eq. 0.0) then
sgn=0.0
else
sgn=sign(1.0,x)
endi f
feturn
end

FUNCTION Potential_temperature(p,at)
Potential_temperatures(at+273.15)*xtoy(1000.0/p,0.286) -273.15
end | (end Potential_temperature)

FUNCTION rMixing_ratio(h,at,p)
rMixing_ratio=h*620.0*vappr(at)/(100.0*(p-vappr(at)))
end ! (end rMixing_ratiuv)

FUNCTION Power10(X)! real) : real;

c (:2:::::2:::::====:==================::::::::3::::‘.::::::::::::::::::::::::)
¢ ( Purpose: Celculate the value of 10 raised to the X power. )
c( >
e ( )
¢ { Preconditions: b
¢ { Global Variables: b
¢ { Revision History: )
€ (===+e=-semeteenesceoes teetecacaciosiTaserteseaiono ot b}
c ( Date | Programmer Remarks >
€ (-mmemreramsme it S ERRET LT R ECRETTETTEEEEREEREEE )
c { 02 0ct 1991 | Charles McGrath Comments added >
c { Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN }
[ (==============:=====:'-'======:======‘-‘===========:=‘-‘====:===========:===::=:)
c begin

Power10 = exp(X*2.3025850930)

end ¢ (funciton Power10 )

FUNCTION vappr(T)
c (:===x=====::::::::::::::::::::::::::=======:=:==::::==:=======:==::==:::::)
¢ ( Purpase: To calcutate the saturation vappor pressure over water at the )
(K¢ temperatue T. )
c( >
c ( Preconditions: )
¢ ( Global Variables: >
¢ {( Revision History: )
[ R AR LR LR R R R R i il it b
c ( Dste | Programmer | Remarks )
c ( .......................................................................... )
c ( 9/29/,87 Stuart Gathman Function designed
¢ { 02 Oct 1991 | Charles McGrath Comments added )]
c ¢ Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN b

. 2 Et-ttt'--'-"liiﬁttttnttntt-ltttt!ttttttt'-.'tttt-nttttl--'.-tttt't"tttnttt)

! This is an approximation to the Goff-Gratch Temperature, Saturated
! Vapor pressure over liquid water formula. It was described by

! Rinhards (1971) and Wigley(1974). In this subroutine, 1 is in

! degree ¢, and vappr(zzr) is expressed in mbs.

c 'ﬁtiiﬁ."'.-"It'.".".'.'.'t....'.'".'..""..t.ﬁﬁ'.'.."'.-"'..‘i.‘..')

R1 = 13.3185
R2 = 1.976

R3 = 0.6445
RG = 0.1299
RO = 1013.25

If ((T .GT. 50.0) .OR. (T .LT. -50.0)) writc.=.7000) 1




9000 format('temperature input to Vappr function 1s out of range: ',
3 £12.6)
T00 = 1.0-373.0/(T7+273.0)
Vappr=RO*EXP(R1*T00-R2*t00*t0C-R3*t00*t00* t00-R4*t00*t00*t00*t00)
end t (function Vappr)

FUNCTION Palt(2)

[ (=============B==============:=:==:=======:========:=====:======::=:=======)
¢ { Purpose: To ca.culate the pressure at an altitude Z assuming a 3
¢ ( standard stmosphere. )
c( )
c { Preconditions: b .
¢ { Globsl Variables: )
¢ { Revision History: )
[ AR R A AR LA R LA LRSS S AR SRR AR AR AR iy )
c { Date | P.ogrammer | Remarks )
L e kel bl b )
¢ { 9/29/87 Stuart Gathman Function coded
c { 02 Oct 1991 | Charles McGrath Comments added )
¢ ( Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
c (=============:=::::::::::::===::::=:====:========:=======:======:===:=====)
¢ Converts z in meters to pressure (mb). This
¢ is a rough fit to the NATA standard atmopshere
¢ data found in table 63, p267 of List.)
it (2.G7.500.0) then
palt = 1021.38 * exp(-1.2739E-4 * 2)
else
palt = 1013.0 - 5.0 *z / S00.0
endi f
end | Palt
FUNCTION Altitude(P) I (0K 9/29/97)
[ (===:::2===========================‘-’=============================:'—'=====:==)
c { Purpose: Te calculate the altitude in 8 standard atmosphere which b
¢ ( would have a pressure of P. )
c ( )
c { Preconditions: )
¢ ( Global variables: ]
¢ { Revision History: )
L e LR R P PP PP PP PP PR PPPPPPPPPRE Y
¢ { Date | Programmer | Remarks )
IR G R R L AR AR R R R R )
c { 9/29,87 Stuart Gathman Function coded )
c { 02 0ct 1991 | Charles McGrath Comments added ]
[ Nov 1992 | Linda Hitney | Converted from PASCAL to FORTRAN )
I (::::'_:=====~"-==:=:::::::=:::=:::::::==::===:::::::::::::::::::::::::::::::1)
{(t T . function computes altutude in meters from pressure in mbs,
I Thiy, formula is @ fit to the NACA standard lower atmosphere data
| (Smithsonian Met. Tables #63, List (1968)))
! begin (altitude)
altitude = 0.0
if (P.GT.1013.0) return *
if (P.GT.958.0) then
altitude = 9.09%(1013.0-P)
else
altitude = 7850.0%*log(1021.38/P)
endi f
end | altitude




FUNCTION C10( Iws, Tiws, 1Q)

c ( =% suE BYE '3} =S 3)
c { Purpose: To celculate the drag coefficient give a current wind speed. )
cq )
¢ ( Used in: functions 2zero, Fqstar, Fmint, end Thster )
€ ( Preconditions: )
c { Giobel varisbles: b
¢ { Revision History: by
c (o-------o--'OO----'00.~'-- -------- scsemans sovonee eseassesancnasssenarsesene )
e ( Date |  Progresmer | Remarks )
¢ (....--..................... .......................... eesesssenssemmannenma )
¢ { Sept 1987 Stuart Gathman function coded )
¢ { 02 Oct 1991 | Charles McGrath Conments ackied )
c( Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
¢ )

c ('Wmnammmnmmﬁmmmm

¢ €I This subroutine calculates the drag coefficient. {f wind speed st
! 10 meters is measure,
| Deacons suggested form is used : Roll (1965), p161.
! if no t:ind is measured, a constent value is used.

¢ . . it bt )

1f (1iws.HE.-1) then
Ci0 s 0.0011+4.06-05%1ws

else
Iq s 1g-1
c10 = 0.002
endif

end | (function C10)

FUNCTION Zzero(liws, lws, 1qQ)

c{ )
¢ { Purpose: To calculate the dynamic roughness of the sea surface. )
c( )
c{ b/
¢ { Preconditions: 3
c { Globel variables: 3}
c ( Revision History: )
< ( ......... vesmocce eececccevecrcecrecacssveccncscccsvosvssroscncsncancsrsan)
c ( Deste | Programmer | Remsrks )
c (....-..................... ------------- smcasssa semscencvcecccnccsscncsnanan )
c( Sept 1987 | Stuart Gathmen Function coded )
c { 02 Oct 1991 | Chartes McGrath Comments added )
c( Nov 1992 | Linde Hitney Converted fram PASCAL to FORTRAN b]
c( )
c (! This subroutine calculates the dynamic roughness, zzero in meters as

t & function of wind speed following Charnock(1955) and expresses
| friction velocity in terms of the drag coefficient and measured
! wind spd.)

§f (liws.NE.*1) then
2zero = C10Clws, liws, 1Q)*N.000333*1ws*lus
else
19 s 1g9-2
2zer0 = 1,0E-05
endif
end ! Ziero
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DO OHOHNDHDOOEOHO

FUNCTION Smixr(X, T)

C ——
{ Purposs: Celculates saturation mixing retio at altitude x and temp 1 )
< )
{ Preconditions: )
{ Globat variables: )
€ Revision Nistory: b
(...-.-o.---..o----.------ooo--~-o--. --------------------- eecscsessvvanrsene )
{ Date |  Prograsmer | Remerks )
(................................ ----- B )
< Sept 1987 | Stuart Gathmen Function coded )
¢ 02 oct 1991 | Charles McGrath Comments added )
¢ Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
{s=sasassun )
! Calculates the ssturation mixing ratio in kg/kg or g/g at height x
| snd tempersture T(c).)

vpea = vappr(t)

saixr » 0.622*vpsa/(PalLt(x)-Vpem)

ond | Smixr

FUNCTION Fgstar( ldpt, iiws, lws, lsst, 1q)
¢ )
{ Purpose: b
{ This is the *Friction Nixing Ratio* used in Q2 and calculated using )
¢ the spproximetions of the bulk aerodynamic method: Roll(1965) p252,272 )
< : )
¢ Preconditions: )
{ Global varfables: )
{ Revision History: )
(--...........--------- ....... eesessvcccce ........................--.-.....)
C Date | Programmer | Remarks b
(.-....-.......---..-.o--....... ........................................... )
€ Sept 1987 | Stuart Gathman Function coded ?
{ 02 Oct 1991 | Charles McGrath Comments edded )
( Nov 1992 | Linde Witney Converted from PASCAL to FORTRAN )
¢ )

tk = 0.38

2z = 10.0

yy = ldpt/10.0

Qs = Saixr(zz, yy)

zz = 0.0

yy = isst/10.0

Q0 = 0.98%°Smixr(2z, vY)

Co = Ci0(lws, liws, 1q)

Fgster = SQRt(Ca)*(Qe-00)/Fk

ond | systar

FUNCTION Th¢ T, 2)
< == )
{ Purpose: converts temperature (K) to potentisl tempersture(k) st alt z )
< )
< )
¢ Preconditions: )
{ Global variables: )
{ Revision History: )
(eoememnan L Y R N NN I N Y Y Y Y Y Y Y I s )
{ Oate | Programmer | Remarks )
(-0 ------ eseveccsnennaswa Cessemenansassaarcsen sesessemcssanmusasnmnanenaana )
{ Sept 1987 | Stusrt Gathman Function coded )
{ 02 Oct 1991 | Charles McGrath | Comments added )
< Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )

------- 8 EES -----z)

Th = T*EXP(0.286*10g(1000.0/PaLt(2)))
evi 1 Th
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FUNCTION FmLnt(lws, 1iws, lsst, lat, 1g)

(= SSaEEEAEExREaa ABCXAZAERENCESSUEREE)
{ burpose: This is an approximation for the mixing length using )
< ROLL (1965), plss, 252,
< b/
{ freconditions: )
{ Global Variables: )
{ Revision History: )
{rooommmeccomcncanaaaes R R R AR e L R R )
{ DOate | Progrenmer | Remarks )
{o=mevensane esvenmse secssccesenssceserrnacssas e nssnnun ¢. vama eeomessvosnm— )
{ Sept 1087 | Stuart Gathman function coded )
€ 02 Oct 1991 | Charles McGrath Comments added b
< Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN b
)
i (liws .€EQ. -1) then
Fuint = -100.0
iq = 1q-2
else
T0 = 273.15¢188t/10.0
Ta s 273.15¢1at/10.0
Ce = C10(lws, liws, 1Q)
X = TO*SQRt(Ca)*0.2646% us*iws
231 = 0.0
222 = 10.0
Y = 9.8%.38%(Th(T0, 221)-Th(Ta, z22))
Falnt = -X/Y
endif
end | Fmint
FUNCTION Qz(liws, lws, 1q, lsst, Idpt, Z, lat)
( )]
( Purpose: This subroutine cslculates the mixing ratio (Qz) in g/9 )
( at altitude, z in sn stmosphere which obeys » Log-Linesr )
(< relationship : RolLL(1965), p273. )
{ Preconditions: )
{ Global Varisbles: )
{ Revision History: )
(-.....-..- ....... eecennuwncvnnne ®esscassrasmacocsssmcmncns amtoccanansssvonn )
( DOate | Progranmer | Remerks )
( -------------------- esanvsccacsovscnancee vesanw eeermscnscanan eesevacavecanan )
{ Sept 1987 | stusrt Gathman Function coded )
{ 02 Oct 1991 | Charles McGrath | Comments added }
4 Nov 1992 | Linda Hitney Converted “rom PASCAL to FORTRAN )
(== == us b

70 s 188t/10.0
221 s 0.0

Q0 = 0.98*Smixr(221, T0)

Qsr = fqstar(ldpt, liws, lws, Isst, lq)
20 = 2zero(liuws, lws, !Q)

X = (2+20)/20

FL = fmint(iws, fiws, Isst, lat, IQ)
Qz = QO+Qsr*(log(X)+4.8%2/FL)

end | Q2
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FUNCTION Thetar(lat, liws, lws, 1sst, 1qQ)

c ( uEE REfazEE)
¢ ( Purpose: This is the “Friction Potential VTemperature" used in the )
c( calculstion of thz using the approximetion of the bulk )
c( serodynamic method;Roll(1965) pages 252 & 272. )
¢ ( Preconditions: )
¢ { Global varisbles: )
¢ { Revision History: )
c (.---.QO~--"0 ----- AR R X REREAA N RN ENEEEERSES (A LKL R R R A R A R R R AN LR AL R RN ".)
¢ { Date |  programmer | Remarks )
c (a--.--..-. -------------- sssescsmmcscrnn sessscecvrecanvreave tSesaveessamasv=nn )
c { Sept 1987 | Stuart Gathmen function coded b
¢ ¢ 02 Oct 1991 | Charles McGrath Comments acded b .
c( Mov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
e ( )

Fk = 0.38

Ta = 273.15¢10t/10.0

T0 = 273.15+188t710.0

Ca = C10¢lws, liws, 1q)

zz1 = 10.0

122 = 0.0

Thstar = SQRt(Ce)*(Th(Ta, 2z1)-Th(TO, 222))/Fk

end | Thster

FUNCTION Thz(liws, lws, Iq, [sst, fat, 2}
e ( zazs )
¢ ( Purpose: This function calculates the potential temperature )
c < at sititude z in an stmosphere which obeys a Log-Linear )
X4 relationship : Roll(1965), p 273. )
c( )
c( th(z) - th(0) = thstar*(log((2420)/20) + alphs * z / L )
c( where alphe = 4.8 )
¢ { Preconditions: )
c { Global variables: )
€ ( Revision History: )
[ (--.-.----..---.... ----------------------- cocomw esvaamm eevesmcansane ecmamese )
c ( Date |  Programmer | Remerks )
c (....-...............; ----- eccccance Seosssssscame essnmmonssmnsteanme cecmnves b
c { Sept 1987 | Stuart Gathmen function coded bJ
¢ { 02 Oct 1991 | Charles McGrath Comments added p
c{ Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
¢ { = x)

TO = 273.15¢138t/10.0 | (70 is the sea surface temp in K.}

X = 0.0

ThO = Th(T0, x) 1| (ThO is the “potential tempersture" at surface.)
20 = Zz2erolliws, Iws, 1Q)

X = (2+420)/20

FL = Fmlnt(lws, 1iws, l1sst, lat, 1q) | (Monin Obukhov mixing Length)
Testar = Thster(let, liws, lws, lsst, 1q)

Thz = ThO+Tgtar*(log(X)+4 . 8%Z/FL)

end | Thz :

FUNCTION Yp( R, Z)

c ( = ass szex) +
c { Purpose: To convert mr(g/kg) st 2 to vp(mb) )

c ( Revision KHistory: )

' (-....--.. ...... O I R I g g venemnmsoreny n----)

¢ ( Date |  Programmer | Remsrks )

L T P R e R PR >

c ( Sept 1987 | Stuart Gethman Function cored )

c { 02 Oct 1991 | Charles McGrath Comments asdded )

c{ Nov 1992 ) Linda Mitney Converted from PASCAL to FORTRAN )

c

(ll.l.lllllll.lIIIIIIlllUlllIIllllIII.llllllll’lllllllli.lllll.III.l!lllﬂll)
Yp = Palt(2)*R/.0.622+R)
erd | Vp -




real FUNCTION LOGIO(X)! real) : real;

c{ EEEARSTERESEIESSS ==3gxz)
¢ { Purpose: Calcutate log to base 10 of the argument. )
€ (socw-vecsrmnecrrcncancccecnnn escemmcne Semmuccncanmoscssvssmcsnsevenavsonn e )
¢ (  Date {  Programmer | Revision History )
€ (veovmetccsvncaccsmrascsnncroctteccocnttreccnctcactcncrsnanrosnnnse cemevecan b
c ( Sept 1987 | Stuart Gathman Function coded )
¢ ( 02 Oct 1991 | Charles McGrath Comments added )
c( Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
¢ ( )

1f (x.LY.0.0) write(*,") 'error in Log10 routine’

LOGI0 = Log{x)/Log(10.0)

ond

FUNCTION 2con( Tasa, Rss, 2s8a)
¢ (sm=x umx)
¢ ( Purpose: This subroutine calculates the Lifting condensation level where )
e tase is the potential tempersture in Xelvin at Alt, zse and Rsa is )
c( the mixing ratio at tnmis .evel .~ g/kg. This formulation is sn )
[ X¢ empirical fit to data in the Smit:sonian Met. Tables, p.328. )
c { Revigsion History: b]
I G bbbt e At b S bbb dd Sesemesecsomsccencmovocooon. }
c{ Date | Programmer | Remarks ),
'3 ( ..... sscnmas csensmse meecsrsernnrssvmrerssamansssnnantotnane coemaas eevvomcseva )
c( Sept 1987 | Stuart Gathmen Function coded )
c{ 02 0ct 1991 | Charles McGrath Comments added )
e Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN >
cq( Y

Tsa = Tasa/EXP(0.286"109(1000.0/PaLt(280)))

Ess = Vp(Rsa, 2m»)

Fi. = 1,0/0.286

X = EXP(Fk*log(Tsa))

Te = 732.02-150.41*(Logl0(X)-LOG10(Esa))

Tc = Tc+7.21%(LOGIO(X)-LOGIO(ESA))*(LOGIO(X)-LOGIO(Esa))+273.15

Pz = 1000.0%EXP(-1.0*Fk*iog(Tasa/Tc))

2con = ALtitude(P2)

end | Zcon

FUNCTION FiNTaba(l)
¢ (un= nas )
¢ { Purpose: converts input values of 1 (10°T {n integer form) into T(X) )
¢ { Revision History: )
¢ (..-..............-.....-... ------------- cecervance et ccevecsemnacosnnan ...--)
¢ ( Date | Programmer | Remarks )
c c@Sesncvsescanrsremncsosasmmnosonman ceccane tecanmese temaccseccacvtocansonen )
c { Sept 1987 | Stuart Gathmen function coded )
c { 020ct 1991 | Charles McGrath Comments added )
c( Nov 1992 | Linda Hitnaey Converted from PASCAL to FORTRAN )
[ (. a8 fx NS )
¢ begin

FNTabs = 273.15¢1/10.0 1t
»nd | FNTabs

FUNCTION Fdpt(T10, Qp)

[ (..-l.ll-.Il.ll-lIIlllll.'lll..lllll.l..lll.llllI.llllll'l.ll.lgl.'-:.l.lll)
¢ {( Purpose: Cslculate the dew point given the temperature t10 and Qp )
¢ { Revision Nistory: )
¢ L---n-- vesmmcsscaoveccenanconnnaceocanen R AR AR b]
¢ { Date | Programmer | Remarks )
(B R e R R EEL R EE L PR R secmmecaeecen IR EEL R )
¢ { Sept 1987 | Stuart Gathmen Function coded )
¢ { 020ct 1991 | Charles mcGrath Comments added )
c Nov 1992 | Linda Hitney Converted from PASCAL t> FORTRAN )
[ (IIlllltt'l.llll.tllI!IB‘I‘I=8===S=EESE.HIG%I'BI.IIIIEIIIS=!ISSBIIIISSIII=2=)
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Eprime = Qp*1.013/(0.62197+0p*0.001)
Ttest = 710 1Start with dew point at air temp and go down.
do while (Vappr(Ttest).GT.Eprime)

Ttest = Ttest-0.1

enddo

Fdpt = Ttest

end | Sdpt

FUNCTION xtoy(x, y)
¢ == )
{ Purpose: Cslculate the value of X raised to the yth power )
{ Revision History: )
(..-.--...-----....- ..... ercemressooacnconsnns wsoenams secmmanmvee cemacencmme )
¢ Date | Progr—or | Rmrn )
[ CEXTRTTRY semmccsssmnssssssomnsrossmmsntoommn eecesmscsrrncccssssamcsasnnn o.-)
{ Sept 1987 | Stuart aathun chtion codod )
{ 02 0ct 1991 | Charles McGrath Comments edded )
< Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN M)
(¢ )

if ((y .EQ, 0.0) .and. (x.NE.0.0)) goto 1000
if ((x .EQ. 0.0) .and. (Cy.NE.D.0)) goto 2000
222 = y*log(x)
if (222 .GT. 25.0) then
Xxtoy s 999999999999900999999 .9
write(*,*) *‘rmerical errors in xtoy routine’
goto 9000
endit
if ((x.GT1.0.0) .and. (Y.NE.0.0)) xtoy = exp(y*log(x))
if (x .GE. 0.0) goto 9000
At this point we worry about negative x's
if ((frac(abs(y)) .GT. 0.000001) .and. (x.LY7.0.0)) then
write(*,*) ‘error non integer y and negative x'
xtoy = 99999909900000009 .00
goto 9000
olge
1= abe(y/2.0)
x® -x
velue = exp(y*log(x))
12 = frac(z)
if (2z .LT. 0.000LuY) then
xtoy = velue

else
xtoy = -1.0%value
endif
endif
goto 9000
1000 continue
xtoy = 1.0
goto 9000
2000 continue
xtoy = 0,0
9000 continue
ond 1 xtoy
FUNCTION frac(x)
fracsx-{nt(x)
end
real FUNCTION Mu_cale(T)
( a8 sus ..)
{ Purpose: Calculate the dynamic viscosity st T(K). Based on )
< Sutherisnd's equation in List p 394. )
{ Revigion History: b
(--oc-o ---------------------- tccoevensomanan eecammanae eemmscemrsmnsvrasmane. )
< Dnte |  Programmer | Remarks )
( ------ eeccssssmoevcosrsscmnossanmmsoe seaveessurmnsccsnannsnansmes sesmcosocnan )
( Sth 1987 | Stuart Gathmen function coded b)
¢ 10 Oct 1991 | Cherles McGrath D]
(< Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
(-Illlllllllll..Illlllll.lllll.ﬂl..ll..lll'tllllll.llﬂ- l--llllt)
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real MU0

C = 393.16 ! DEG K

MU0 = 1.83257€-05 I kg/m/SEC
T0 = 296.16 LI ¢

Mu_CALC = HMUO*(TO+CY*EXP(1.5%Log(T/T0))/(T+C)
end | Mu_cale

FUNCTION FNR(F)

c { = =)
¢ { Purpose: Specislize function used in Deposition velocity equation. )
c { Revision History: )
€ ("e=-essccoraccerecnncntecncnccecanncnnacssnenan tenvavecsesnmvsecennven ermeee )
c { Date | Programmer | Remarks )
€ {*eeccccccnnctcssonasectorannccsonana tsevrevsecrncmsscsmnmrcssancvecnanansen )
c{ Sept 1987 | Stuart Gathman Function coded }
€ { 10 Oct 1991 | Charles McGrath )
c( Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN )]
3K ¢ )

FNR = (1.0+1,1/{F*F*F))*1000.0

end t FHR

FUNCTION Diff_coef(AQ)
e ( zzzz)
¢ { Purpose: Specislize function used to calcuiate the diffusion coefficient)
¢ ( based on a curve fit to a graph obtained from Toomey(1977) p&é.)
¢ ( Revisfon History: )
¢ (... ------ L R R R TR R YU Uy g gy )
¢ { Date | Programme | Remarks )
€ {eev-cccccccccrncccannnn. secectcctciecencaracconatnes D AR e LR PR ] )
c{ Sept 1987 | Stuart Gathman Function coded b
¢ { 10 Oct 1991 | Charles McGrath )
c( Nov 1992 | Linds Hitney Converted fram PASCAL to FORTRAN >
c( )

Ass100,0*A0 | converts from meters to cm.)

Bbs1,.5849€-16/(Ae*Aa)+1.3E-11/A8 | Toomey (1977) fig 3.6 psé)

Diff_coefsBb * 0,0001 | converts from cm’2/sec to m“2/sec.)

end | (function Diff_coef)

FUNCTION FNH(A)
FNE = MAX(0.0, A)
end

FURCTION FNA(AMD)
FHA = 2000.0*Amp*Amp
end

FUNCTION FNB(Usve)
FNB = MAX(0.5, 5.866%(Usve-2.2))
end

FUNCTION FNC(U)
FNC = exp({0.06*V-2.8)*2.3025850930) | power10 function
END

charscter*2 FUNCTION pad(value)
integer*? value

character®? §
write($,(i2.2)') value

Ped £ §

end | pad




FUNCTION Td( Q, P)

e ( xsceuEnsssay L 13 SEESESTEIERERE)
¢ { Purpose: Calculate dew point temperature from mixing ration and pres. )
c( see Bolton MWR (1980) vi103. )
c { Called by: Parcel by
€ ¢ Calls Out: (none) )
¢ { Revision History: )
€ (-nmecennn- seecesesene R LR LT cevesons caemeenoan semmceens =)
c { DOate | Programmer | Remarks )
[ ( -------- sessecenstssansotoncsnennae evmace tmmeesncscencrriecemenrurenn ccsvume)
c { 10 Oct 1991 | Charles McGrath )
c( S Oct 1992 | Stuart Gathmen Clean up the set of routines )
e ( )
Qw = 0/1000.0

€ = P*Qu/(0.622+0w)
Td = (263,5%Log(E)-440.8)/(19.48-Log(E))

end { 1d

FUNCTION rMix_ratio( Tcent, Rh, P)

C (=== zess == )
¢ { Purpose: Calculate mixing retio from T, Rh end press. )
c{ This it an spproximation to the goff-gatch formula which is )
c( good to 1/2 X errar for - to over 25 deg. )
¢ ( pis in millibars, and riix_ratio will be in g/kg) M
c { Called by: Percel2 b/

c { Calls out: (none) )
¢ { Revision History: )
€ (erevecrcecnonnce.s commooons tesmcrecnns semecsencvteranracacntonrvororesacnos b
c ( Date | Programmer | Remarks )
[ R D R e Rt R L R L el seemcoane cee=s)
c { 10 Oct 1991 | Charles McGrath )
c{ S Oct 1992 | stuart Gathman |Cleaned up routines )
[ K )

Ex = 6. VIZEXP(17.67*Tcent/(Tcent+243.5))
Qast = 622.0"Ex/(P-Ex) t List, p302
riix_Ratio = Qsat*Rh/100.0

erd
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APPENDIX G SUBROUTINES USED BY NOVAMSR
SUBROUTINE ReadSetupfile(WavelengthString, SurfeceFilePath,
s ProfilefilePath, Datalype, ResdDk)
el )]
e { Purpose: Reads varisbles from setup file (novm.lun )
c { Colled by: NOVAM driver )
¢ { Calls out: none )
¢ { Preconditions: setup file ohould oxiot )
c (--.o-.---.- ----------------- cassevwscomacasen scsmsncena ceomessrmacvevacvnancs )
c ( Date | Progu-ur | lwioion uhtory )
c (--.o..--. ----- essnccscnaan evvsscsncescconnscccanas ..-........-Q.-.-.-.--Q..)
c{ 10 fed 1992 cnu-m lccrnh created procedurs )
c ¢ Nov 1992 | Linda Hitney converted from PASCAL to FORTRAN )
c ¢ 21 May 1993 | Stu Gathman coordinate with NOVAKSW )
e )
Logical ReadOk
logical FilsExists
fnteger Textfile
character®*i0 VavelLengthString
cnaracter®t! Datalype
character*12 SurfacefilefPath, Profilefilerath
chare.ier®12 setupfile
SetupFile = "NOVAM.INI'
TextFiles30
inquire(f{lesSetupFile,exist=FileExiats)
1f (FileExists) then
open(unitsTextFile, filesSotupfile,statussiold’)
Roed(TextFile,'(a)’) WavelengthString
Reed(TextFile, (o)) SurfacefilePath
Read(TextFile,'Ca)') ProfileFilePath
Rosd(TextFile, *(12x,81)') DataType
close(TextFile)
ReacdDK = ,true.
else
ReadlK = ,false.
endif
end | ReadSetupFile
SUBROUT INE conwvert
c( )
¢ ( Purpose: Converts type sptar.dat files inot petrh.dat type of file )
¢ ( This is 8 program to convert the altitude, Potentisl Temperature and )
c { mixing ratio data into the pressure, sir temperature snd rel humidity
c { profile data. This is the batch file version which doesn't need to ask )
¢ { questions of th. operstor. )
¢ ( ------ tessmevessanscsancvnanas ceosescsasamce sscessavncsscasvs wescssmesasesney )
¢ ( Cslled by: IWMSR }
€ { Calls out: none )
¢ { Preconditions: setup fite d\wld exist )
€ (sev-csescenccicccrcncccacroancccccncae secaeccenncccacrecnseraascacnronnvoo )
¢ ( Date |  Progreswmer | Revision History )
€ {(*-="cecroevrcscctcrsnncncncosrace Smeecaseacvmcscrscsscnnossntssssncsssnnsene )
e Feb 1992 | Stu Gathman | crested subroutine )
c( s = }

integer input,output
resl logpres,e,b,c,a0,b0,c0,satar, satvp
resl pres(1000),8irt(1000),rh(1000)

¢ read in the type 1 data file
inpute10
open{unitsinput,files'asptmr.dat’,statuse'old’)




outputsit
open(uniteoutput, files'patrh.dat', status='unknown')

read(input,*) 8,b,c
al=s

bOs=b
cO=c
j=0
do while ¢(.not. eof(input))
read(input,*,end=999) s,b,c
it (a .GT. s0) then
jnjet -
if (a .L1. 500.0) then
pres(j)=1013.0-55.0%2/500.0
else
pres<j)=1021.38%exp(-0.00012739"s)
endif
logpressi342. 9448 Loglpres(j))
oirt(JI=(b+273.15)/erp(0.286*109¢1000.0/pres()))-273.15
satvp=vappr(airt(j))
satmr=620.0%satvp/(pres(j)- satvp)
rh(j)=100.0"c/satmr
write(output, *(i8,4¢8.0)') ], loppres,10.0%airt(j),rh(j),
$ 10.0%pres(})
al=a
bls=b
cOsc
else
read( input,*, end=999) a0,b0,c0
endif
enddo
999 continue
close(input)

c lose(output)
end iconvert

SUBROUTINE filter

c{ )
c { Purpose: To filter ROAB data to determine significant levels b
c ( Called by: NOVANSR )
€ ( Coalls out: Histogrem, Smooft )
c ( Preconditions:; )
c ( ---------------------------------- esscvane sesessscscennnomanvrrreanrasanmn )
c { Date |  Progremmer | Revision History )
L O e cesemeacsaaciitonees O L ET L L PR esnnn )
c { 10 Feb 1992 | Rich Paulus | crested BASIC program )
c( Nov 1992 | Linds Hitney converted from BASIC to FORTRAN )
c { 21 May 1993 | Stu Gathms I coordinate with NOVAMSW )
r'd ( ERES s 1Y 113 --)

CHARACTER®12 Filename, file
INTEGER™2 NMax

INTEGEK™2 Time

INTEGER®*2 8

REALY Binsise

REAL* DT

LOGICAL Flips

DIMENSION Temp(21), X(2000), Y(2000), d(2000)
LIMENSION Time(2000)

DIMENSION parray(2000), tsrray(2000), rharry(2000)
OIMENSION Psmth(2000), Temth(2000), RHsmth(2000)
DIMENSION dtdp(2000), drhdp(2000), d2tdp2(2000)
DIMENSION Ptmp(S00), Temp(500), RNtmp(500)
OIRENSICN Psig(100), Tsig(100), RHsig(100)




c This section reads and RS-80 roab data as output from
c the PP-11.
N = 1 tdefault median filter order of 1

FILE = “patrh.dat*
Nlevels = 200
OPEN (unit=12, file=FILE, status='old')
NTZERO = 0.0
10
DO WHILE (.NOT. EOF(12))
READ(12,%*) 8, b, ¢, dinput, E
ps=E/ 0.0
t=c/ 10.0
rh = dinput
1F (1 .EQ. Nlevels) GOTO 7000
1=] e
Time(l) =
perray(l)
tarray(l)
rharry(l)
ENDDO

L IR
"0

7000 CONTINUE
Nmax = |

fopt =

IF (iopt .EQ. 1) THEW
DO 1 =1, Nmax
X(1) = parray(l)
ENDDO
ELSEIF (fopt .EQ. 2) THEN
DO 1 =1, HNeax
X(1) = tarray(l)
ENDDO
ELSE
DO 1 =1, Nmax
X¢1) = rharry(1)
ENDDO
END IF

c for Nth order filter, copy K end points from input to output

pOIsY, N
Y1) = X(1)
Y(Nmax ¢ 1 - 1) = X(Nmax ¢« 1 - 1)
ENDDO

L=2*N8N+1 | window length

c median filter of order N without replacemsnt

DO 1 =Ne1l, Nmax - N
bOU=1, L
Temp(Jd) = X(1 + J - N - 1)
ENODO

c gsort Yemp into sscending order
Flips s .trye.
DO WHILE (Flips)
Flips = .felse.
D0J=2, L
1F (Temp(J - 1) .GT. Temp(J)) THEN
Flips = ,true.
SavesTemp(J-1)
Temp(Jd-1)=Temp(J)
Temp(J)=Save
END IF
ENDDC
ENDDO
Y1) = Temp(N « 1) | median value
ENDDO




< compute difference histogram and determine threshold, initial bin
¢ size ijg .2 tor P & T and 2 for RH

Binsize = .2
if (lopt .EQ, 3) Bimnsize = 2
DOl e 1, Nmax
da(l) = X(!) - YN
ENDDO
CALL histogrem(d, Nmax, Binsize, OT)

[ generate final output as x(1)

B0t =1, Nmsx
1f (ABS(d(1)) .GT. DT) X(I) = Y(I)
ENDDO

IF (jopt .EQ. 1) THEN
pts = 3
ELSE
pte = 6
ENOIF
CALL SMOOFT(X, Nmex, pts)

1F (iopt .EQ. 1) THEN
001 =1, Nmex
Psath(l) = X(I)
ENDDO
ELSEIF (lopt .EG. 2) THEN
00 1 =1, Nmax
Temth(1) = X(1)
ENDDO
ELSE
50 1 = ), Nmex
RHamth(l) = X(1)
ENDDO
FND 1f

fopt = 2

1f (fopt .EQ. 1) TREN
DO I =1, Nmax
X(1) = parray(l)
ENDDO
ELSEIF (fopt .EQ. 2) THEN
001 =1, Nmax
X(1) = terray(l)
ENDDO
ELSE
001 =1, Nmax
X(1) = rharey(l)
ENDDO
END 1IF

c for Nth order filter, copy ¥ end points from input to output

r=5, N
YC1) = x¢1)
Y(Nmax ¢ 1 - I) = X(hmax + § - ])
ENDTO .
L=2" K+ 1 t window (ength
c median filter of order N without replacement

DOt =K+ 1, Nmax - N
pOJet, |
Tep(J) « ¥(i 4 J - N - 1)
ENDOY




[4

¢ compute difference histogram end determins threshold. initistl bin
¢ sizeis .2 for P& T and 2 for RH

¢

gcri Temp into sscending order

Flips = .true.
DO WHILE (Flips)
flips = .false.
poJ=2, L
IF (Temp(J - 1) .GT. Temp(J)) THEN
Flips = .true.
SavesTemp(Jd-1)
Toap(J-1)=Temp(J)
Taap(J)=Seve
END IF
ENDDO
ENDLO
Y(1) = Temp(N + 1) | medisn value
ENDDO

ginsize = .2
IF (fopt .EQ. 3) Binsize = 2
001 = 1, Nmax
dery = X(1) - Y(I
ENDDO
CALL histogram(d, Wmax, Binsize, OT)

generste final output as x(i)

POl =1, Nmex
1F- (ABS(d(I)) .GT. DT) X(1) = Y1
ENDDO

1F (iopt .EQ. 1) THEN
pts = 3

ELSE
pts = 6

ENDIF

CALL SMOOFT(X, Nmax, pts)

3F (fopt .EQ. 1) THEN
DO ! =1, Nmax
psath(l) = X(I1)
ENDDO
ELSEIF (iopt .EQ. 2) THEN
DO I =1, Nmex
Tsmth(l) = X(1) |
ENDDO
ELSE
00! =1, Nmax
RHamth(1) = X(1)
ENDDO
END 1IF

iopt = 3

If (iopt .€Q. 1) THEN
001 =1, Nmax
X(1) = parray(l)
ENDDO
ELSEIF (icpt .EQ. 2) THEN
DO 1 =1, Nmax
X(1) = torray(l)
ENDDO
ELSE
DO 1 = 1, Nmax
X(1) = rharry(l)
ENDDO
END IF




¢ for Nth oroer filter, copy N end points from input to output

001 =1, N
Y = X(1N
Y(umax « 1 - [) = X(¥max ¢+ 1 - 1)
ENDDO

Ls2%"Ne+1 i window length

c median filter of order N without replecement

DO 1eN+ 1, kmax -N
00Jd=1, L
Temp(d) = X(1 ¢ J - N -1
ENDDO

c sort Temp into sscending order

flips = .true.
0O WHILE (Flips)
Flips = .false.
poJ=x=2, L
IF (Temp(d - 1) .GT. Temp(J)) THEK
Flips = .true.
SavesTemp(J-1)
Teap(J-1)sTemp(J)
Tempn(J)=Save
END IF
ENDDO
ENDDOQ
Y(I) = Temp(N + 1) ! median value
ENDDO

¢ compute difference histogram ond determine threshold. initisl bin
c sfze s .2 for P & 1 ::42 for RH

Binsize = ,2
1F (lopt .EQ. 3) Binsize = 2
DO ! =1, Nmax
a1y = xX(1y - Y(I)
ENDDO
CALL histogram(d, smax, Binsize, OT)

¢ sanerste final output ss x(i)

DOl =1, Nmax
1F (ABS(d(1)) .GT. DT) X(1) = Y(I)
ENDDO

1F (fopt .EQ. 1) THEN
pts = 3

ELSE
pts = 6

ENDIF

CALL $MOOFT(X, Nmax, pts)

IF (fopt .EQ, 1) THEN
001 = 1, Nmex
Pemth(1) = X(I)
ENDDD
ELSEIF (fopt .EQ. 2) THEN
POl = 1, HNmax
Temth(1) = X(1)
ENDDO
ELSE
D01 = 1, Nmax
RHsmth(1) = X(1)
ENDDO
END IF
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Analysis:

¢ This section snalyzes the smoothed P, T,U profiles to determine the
c significent levels. Central difference finite derivatives are
¢ calculsted to locate relative max/min and saddle points.

dtdp(1) = 0

dtdp(Nmax) s 0

drhdp(1) = 0

drhcdp(Nmex) = 0

d2tdp2(1) = 0

d2tdp2(Nmax) = 0

DO I =2, btmex - 1
dp = LOG(Psath(l - 1) / Psath(] + 1))
dtdp(l) = (Tamth(l + 1) - Temth(l - 1)) / dp
drhdp(1) = (RHsmth(] + 1) - RHsath(l - 1)) / dp
d2tdp2(1) = (Temth(l - 1) - 2 * Temth(l) *

$ Tsmth{l + 1)) / ((.5 * dp) ** 2

ENDDO

Ptup(1) = Pemth(1)
Ttmp(1) = Tamth(1)
RHtmp(1) = RHsmth{1)

3 Look for change in sigr of derivatives to pick level

Jds
001 =3, Nmax -1
1F (SGN(dtdp(1)) .NE. SGN(dtdp(l - 1)) .OR.
$ SGN(drhdp(1)) .NE. SGN(drhdp(l - 1))) THEN
J= Je
Ptap(J) = Pamth(l)
Ttop(Jd) = Tsmth(l)
RHEMP(J) = Riksmth(l)
ELSEIF (SGN(d2tdp2(1)) .NE. SGN(d2tdp2(1 - 1))) THEN
J=Je
Ptep(J) = Peath(l)
Ttep(J) = Temth(l)
RHEMP(J) = RHsmth(l)
END IF
ENDDO
Jmax = J + 1
Ptep(Jmax) = Psmth(Nmax)
Ttap(Jmax) = Tameh(Nmex)
RHIMPp(Jmax) = RHsmth(Nmax)

¢ select significant \evels iaw FMH #3
6000 CONTINUE

Ttol = .2
RHto{ = 2

Peig(1) = Ptap(1)
Tsig(1) = Temp(1)
RHsiQ(1) s RHtmp(1)
Kmax s 9

Lastsig s 1
DO J =3, Jmex
DO L = Lastsig + 1, J
Dlog = LOG(Psig(Kmax) / Ptmp(d)) / LOG(Psig(Kmax) / Ptmp(L))
t = Tsig(Kimax) - (Tsig(Kmax) - Ttmp(J)) / Dlog
rh = RHsig(Kmax) - (RHsig(Kmax) - RHtmp(J)) / Dlog
1F (ABS(Ttmp(L) - t) .GT. Ttol .OR.
ABS(RHtmp(L) - rh) .GY. RHtol) THEW
Kmax = Kmax + 1
Psig(Kmax) = Ptmp(L)
Tsig{kmax) = Ttmp(L)
RHsig(Kmax) = RHtmp(L)




Lastsig = L
GOT0 5000
END IF
ENDDO

5000 CONTINUE
ENDDO
Xmax = Kmax « 1
Fsig(Kmax) = Ptmp(Jmax)
Teig(kmax) = Tti@(Jmax)
RHS{g(Kmax) = Rktwp(Jmax)

Filoname = "gigfile*
OPEN (units13, ¢{lesF{lename, statuss'unknown')
WRITEC13,Y) Kmax
DO I =1, Kmax
WRITE(13,2000) Psig(l), Tsig(l), RHsig(l)

2000 FORMAT(7.1,¢8.1,18.1)
ENDOO
CLOSE (12) t“pstrh.det™
CLOSE (13) 1vusigfile™
RETURN
END ! filter

SUBROUTINE histogram (d, Nmex, Bingize, DT)

Purpouse:

Called by: filter

Calls out: zerobin

Comments: d {s the datesrray, Nmex is the number of points,
Binaize is the initial size, snd DT is the difference threshold.
construct & 25 bin histogram with bin size of 1B8insize! from the
difference data in srray 10f. The histogram is checked for
owpty bins; IF (none exist, the bin size is doubled until at
least one bin is empty. The difference threshold, DT, {s
THEN calculated snd returned.

eceesctsssnvansrecacsccnsamnssnannw Geerecassersannt ot ananssvsacnstocannestan

Date | Prograsmer | Revision History
10 Feb 1992 | Rich Paulus created BASIC program

Nov 1992 | Linds Hitney converted from BASIC to FORTRAN
21 May 1993 | Stu Gathmen coordinate with NOVAMSW
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REAL*4 0(2000)
INTEGER*2 Nmax
REAL®*4 Binsize
REAL*6 DT
INTEGER*2 Counts
DIMENSION Counts{25)
INTEGER*2 Index
Index = 0
00 WHILE (lndex .EQ. 0)
poO1 =1, 25
Counts(l) = 0
ENDDO
DO 1 =1, Nmex
IF (ABS(d(1)) .GT. Binsize * 11 + Binsize / 2) THEN
1F (d(¢1) .LT. O) THEN
J =
ELSE
J =25
END IF
ELSE
1F (d(1) .LT. 0) THEN
J = INT(d(1) / Bingize - .5) ¢ 13
ELSE
J & INT(d(I) / Binsize + .5) « 13
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END 1IFf
END IF
Counts(J/) = Counts(J) + 1
ENDDO
CALL zercbin{Counts, Index)
IF (Index .NE. O) THEN
0T = Index * Binsize « Bingize / 2
ELSE
Bingize = Binsfze ¥ 2
END IF
ERDDO
END thistogram

SUBROUTINE SMOOFT (Y, N, pts)

{ zz=x )
{ Purpose: To smooth an srray of data )
{ Called by: filter )
{ Calls out: REALFT )
{ Comments: Smooths an srray Y of length N, with a window whose full width)
( is of order PTS neighboring points, » user supplied value. Y is)
{ modified. From Numerical Recipes by Press et al, Ch 13.9 )
(O R R R LR LR RE LRSS R R b
{ Date | Programmer | Revision History )
(------ ------------ evmceosane ®evsmversommvoscnmnoscannnosanm weceremsoscanave )
{ 10 Feb 1992 | Rich Paulus created BASIC program )
{ Nov 1992 | Linds Hitney converted from BASIC to FORTRAN bJ
{ 21 May 1993 | Stu Gettman coordinate with NOVAMSY b

£)

REAL*4 Y(2000)
INTEGER*2 W
INTEGER*2 Mo2
INTEGER®2 Isign
Mmax = 1024 Imax size of padded array
M=2
Nmine= N +« 2% pts { min sfze including buffer against wrap around
00 WHILE (M .LT. Nain) { find next lsrger power of 2
He2*N
ENDDO
IF ((M .GT. Mmax)) THEN
STOP “Mmax too smali

END IF

Constant = (pts / M) ** 2 | useful constents below

Y1 = Y(1)

YN = Y(N)

RKY = 1,0 / float(N - 1)

DOJ=1, N ! remove Linesr trend L transfer dats
Y(d) ® Y(J) = RNV * (YT * (N - J) ¢« YN * (J - 1))

ENDDO

1F (C(N + 1) .LE. M)) THEN | zero pad
DOJsN+1, M

Y(4) = 0
ENDDO
END IF
MO2 = M /2
Isign=1
CALL REALFT(Y, MoZ2, 1sign) | Fourier transform
Y(1) = Y(1) / Mo2
FAC = 1 { window function
DOJs= 1, Mo2 -1 ! multiply the data by the window function
Ks2*"J+1 :

IF (CFAC .NE. 0)) THEN
FAC = (1 - Constant * J ** 2) / Mo2
1F (FAC .LT. 0.0) FAC = 0.0
Y(K) = FAC * Y(K)
YK+ 1) s FAC* Y(K + 1)

ELSE ! don!t do unnecessary multiplies after
Y(K) = 0 | window function is 2ero
Y(K+1) =0
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ampADORAOOODDO

END IF
ENDDO
FAC » (4 - .25 * pts ** 2) / Wo2 1 last point
IF (FAC .LT. 0.0) FAC = 0.0
Y(2) = FAC * Y(2)

leigns-1
CALL REALFTCY, Mo2, lsign) { inverse Fourier transform
tod=1, W | restore linesr trend
Y(J) = RNY * YV * (N - J) + TRECERERIC)
ENODO
ENO | Smooft

SUBROUTINE zerobin (Counts, 1ndex)

{

¢ Purpose: To find empty bins in » histogram

¢ Called by: histogram

¢ Calls out:

{ Comments: find first empty bin either side of bin 13;

< 1F (none found,) THEW indicate by setting 1ndexs0
<
<

1-----0..--....-.-...-.-.o--.o..-..o.o--a ---------------------------- commm

Date {  Programme { Revision History

S tssmvmbscsrmmmssananuovnYS vawwacsmssveasman cerevumosmavessaveresnTr oL S

C Nov 1992 | Linda Hitney converted from BASIC to FORTRAN

{ 10 Feb 1992 | Rich Paulus created BASIC program
{21 Way 1993 | Stu Gathmen coordinate with NOVAMSW

< sssax)

INTEGER®*2 Counts
DIMENSION Counts(25)
INTEGER®2 Index
index = 0
Indext = 0
Indexz = 0
ool =%, 12
IF (Counts(1) .EQ. 0) Indext = ABS(1 - 13)
IF (Counts(26 - 1) .EG. 0) Index2 = ABS(1 - VD)
ENDDO

1f ¢lndex? .NE. O .AND. IndexZ .NE. 0) TKEN
1f (Indexi .LT. Index2) THEN
index = Indexi
ELSE
Index = 1ndex2
END IF
ELSEIF (Index! .Nt. 0 .OR. Index2 .NE, 0) THEN
1F (Index1 .GT. Index2) THEN
index = 1ndex)
ELSE
Index = fndex2
END 1F
ELSE
Index = 0
END [F

END 1 zerobin

SUBROUTINE REALFY (Y, X, 1sign)

purpose: To calculate 8 fourier Transform

Called by: Swooft

Calls out: FOURY

Comments: Calculates the fourier Transform of » set of 2N real-valued
data points. Replaces this dats by the positive frequency hatf of its
comple. fourier Transform. The resl-valued first and last

comporwnts of the complex transform sre returned os elements Y(1)

and Y(2) respectively, N must be 8 pouer of 2. This routine alsc
calculetes the inverse transform of » complex dats arrey 16 (it ig
the transform of resl data. (Result in this case must be multiplicd

AAAAAAAA/\AA
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{ by WMD) b

O R L L LR R RO E R RS e b
{ Date ] Programmer ] Revizion History )
...... cesemcvesessmeecscenamcatsacanacatosncmncoscannnmsoncasnecannusennnoss)
{ 10 Feb 1992 | Rich Paulus created BASIC program )
( Nov 1992 | Linda Hitney converted from BASIC to FORTRAN )
{ 2% May 1993 | Stu Gathmsn coordinate ‘with NOVAMSW b
(sm=m EREIERBERE zuzsSes =zETEIR)

DO NHO

REAL®S WPR,\WP1,WR, W1, Theta WTEMP
REAL, Y(2000)

INTEGER*2 N

INTEGER*2 Isign

INTEGER*2 lspn

Theta = 3.14159265358979300 / DBLE(N)
cis=.5
1F ((lsign .EQ. 1)) YHEN
s -5
isgn = 1
CALL FOURI(Y, N, lagn) | the forward transform is here
ELSE ! otherwise set «p for an inverse transform
2= .5
Thets = -Thets
END IF

WPR = 2,000 * SINC.500 * Theta) ** 2
WPl = SIN(Thete)
WR = 1,000 + WPR
Wl = Wi
NP3 2 2 * N+ 3
DOl s 2, N/ 2+ | case 1s1 done separately below
M=2*1-19
12 = 11+1
13 = N2P3 - 12
16 = 13+ 1
WRS = REAL(WR)
WIS = REAL(MWI)
HIR = CY * (YCI1) ~ Y(13)) | The 2 separate transforms are separated
Il = C1 * (Y(I2) - Y(14)) ' out OF 2
H2R = -C2 * (Y(12) + Y(14))
H21 = €2 % (Y(I1) - Y(13))

Y(11) = HIR +« WURS * H2R - WIS * H2l | Were they sre recombined to form
Y(I2) = H11 ¢ WRS * H2] « WIS “ H2R | the true transforms of the
Y(I3) = HIR - WRS * H2R + WIS * H2] ! original resl date

Y(14) = K11 +« WRS * H2] + WIS * N2R

WTEMP = R ! The recurrence

WR = WR *WPR - Wl * WPl + WR
Wl = Wl * WPR + WTEMP * WPl « \I

ENDDO
1F ((1sign .EQ. 1)) THEN

HIR = Y(1)

Y{1) = HIR + Y(2)

Y(2) = HIR - Y() 1squeeze the first and last date together
ELSE fto get them all within the original

HIR = Y(1) tarray

Y(1y = C1 * (HIR ¢ Y(2))
Y(2) = C1 * (KR - Y(2))

fsgn = -1
CALL FOURI(Y, N, lsgn) IThis is the inverse transform for the
END IF Icese lsign=l

END irealft
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SUBROUTINE FOURY (Y, NN, lIsign)

zme EERED EESIBEEEZITEITBEE)
furpose: )
Called by: REALFT b
Calis out: FOUR1 )
Comments: Replaces Y by its discrete Fourler Transform, IF (lsign=1; or)
replaces ¥ by NN times {ts inverse discrete Fourier transform {f
Isigns-1. Y is & complex array of length NN or, equivalently, a

real array of length 2°NN. NN MUST be an integer power of 2.
D sersncaccesanaan )
Date | Programmer | Revision History >
D o R T Y T L LRy gy sevsnresssvesenemcsanvone esvesensacasee )
10 Feb 1992 | Rich Paules created BASIC program )
Nov 1992 | Linda Witney converted from BASIC to FORTRAN b
21 May 1993 | Stu Gathman coordinate with NOVAMSY )
3% )

REAL®8 WPR,WPl,WR, W1, Theta, WTENP
REAL®*4 Y(2000)
INTEGER*2 NN
INTEGER*2 Igign
N =2*nNN
Jd s
po1s1, N, 2 1 This {s the bit reverssl section
1F (¢J .GT. 1)) THEN
TempR = Y(J)
Tompl a Y(J + 1)
Y(J) = Y(1)
YU+ 1)y=Y( ¢+ 1)
Y(1) = TempR
Y(I + 1) = Teap!
END IF
KesN /2
DO WHILE ((N .GE. 2) .AND. (J .GT. M))
JdsJ-N
HeM/2

Moax = 2 t Here beging the Danfelson-Lanczos section
DO WHILE (N .GT. Mmax) | outer Loop executed LOG(NN) (base 2) times
Istep = 2 * Mmex

Init for trig recurcence

Theta = 6,.2831853071795900 /DBLE(Isign * Mmex)
WPR = -2.000 * SINC.S00 * Theta) ** 2
Wl = SIN(Thets)
W = 1.000
W1 = 0.000
DOM= 1, Mmax , 2
DOl =M, N, lstep
Jd =1 ¢ Mmax ! This is the Danielson-Lanczos formula
TempR = REAL(WR) * Y(J) - REALC(NI) * Y(J + 1)
Templ = REAL(WR) * Y(J + 1) + REAL(NI) * Y(J)
Y(J) = Y(1) - TempR
Y4 ¢+ 1) = Y(1 ¢ 1) - Temp!
Y(1) = Y(I) ¢ TempR
YL ¢ 1) = Y(] ¢« 1) ¢ Temp!
ENDDO
WTEMP = MR | trignometric recurrence
WR = WR * WPR - Wi * WP + WR
Ml = Wl * WPR < UTEMP * WP] + WI
ENDDO
Moax = Istep
ENDDO
END ! fourl

IHere are 2 nested inner loops
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SUBROUTINE NOVARW( RSData, zalt, ko, mmode, Calt, SOData)

L 13 ES2TERISSERSNSSESETIRD)

(seem=eccrcaca ecscnaa Sesremccecesnncccsaaasvsomacnstosnmnsscnnnrsssannee veme~

(vreeecrcrcccrcccvescccncacnnanes semccsesmancscsnanee esaccoveoncvenssmavennn

Purpose: )

b
Called by: MSR_WEAK.FOR (The Weak Convection NOVAM Case)
Cellsn:

Comments:
Input variables are :
zalt : the altitude in meters at which conc is desired.
ko : the correction factor at the surfece
wmode @  the integer mode rumber (0..3).
amp : the air mass parameter.

Output veriable is : Celt : the concentration of the nth mode st alt.
Note that the input celculations for Csurf ie, the corcentration of the
nth mode at the surface is done independently in this procedure. It is
however modified by the correction factor, ko, obtained from the input
visibility measurements - sgg 1/22/91.

VW WYV YUY Y

There are certain assumptions made in this routine which are :
for the sea salt components, mode 2 is mixed in the cloudy (ayer model.
where as the mode 3 component {s an exponentis{ scale height decey.

More onmode O, if amp > S then this is mixed through out the Layer much
like the sea salt mode 2. The value at the surface is 30X of what

would be predicted for the old Mode 1 system. When amp >5, then

sbove the marine layer, the concentration is 100X what it would have
been under the old skeme while on the other hand, the value at the
surface is 70X of the old skeme values. On the other hand, if amp <=5,
then the mode 0 component is 2ero completely and the mode 1 component

has no vertical structure.

Revision History:

Date |  Programer | Remarks

WA AW W W W NN N N N

21 Aug 1991 | Stuart Gathman improved version coded for PASCAL

02 Oct 1991 | Charles McGrath Comments added )
Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
May 1993 | Stuart Gathman Integrated with NOVAMSR

DOOOOOOOOIODNOHNONNONOHODNOINHONDOHONANONHNODOODONANONONHOHONOO

(amas )

real ko
resl n, n1, n2, Cip, Csurf

include ‘radata.inc!
include ‘sodata.inc!

c (define the Local variables from the RSAry matrix values)

DeitaQb = ( RSData.Gbp - RSData.Gbm )
Deltatb = ( RSData.Tbp - RSData.Tbm )
DeltaQi = ( RSDste.Qip - RSOata.Qim )
Deltali = ( RSOata.Vip - RSData.Thim )
DeltsZ = ( RSDats.Zi - RSData.2Base )

¢ (Here 1 want tc make checks on the signs of the Deltas)

if (DeltaQb.G7.0.0) Deltsdb = 0.0
if (DeltaQi.GT.0.0) DeltaQi = 0.0
{f (DelteTb.L7.0.0) Deltath = 0.0
if (Deltali.LT.0.0) DeltaYi = 0.0
if (Delta2.LE.0.0) write(*,*) ‘error in radiosondes 2!

GomaT e ( RSData.Thim - RSData,Tbp )/DeltaZ

GamsQ = ( RSDsts.0im - RSData.Qbp )/Deltal

ni s (Deltalb*Gamal - DeltaTb*GamaQ)*0Del taz

n2 = (Deltali*DeltaQb - DeltaQi*Deltath)

n e ni/n2 I (This is the "n" in Devidson * Fairall's paper)




c (What is the concentration above the cloud Layer? )
{f (wmode .€Q. 1) then
cip = fna(SODats ANP)
else
cip= 0.0
ondif

¢ (Vhat s the concentration at the ses surface?)
{f (wmoce .EQ. 0) then
{f (s0Data.A .GT. 5.0) then
Caurf = 0.3*yna(SQData.ANP)
else
Courf = 0.0
endif
orcdif

{f (mmode .EQ. 1) then
if (sODats.AMP .GT. 5.0) then
Courf = 0.7 * fna(SOData.AMP)
else
Csurf = fna(S00ata.AMP)
endif
endif

it (wmode .EQ. 2) Csurf = ¢nb(SOData.UAve)
if (waocde .EQ. 3) Csurf = fnc(SO0ata.U10)

c (Calculeate the gams of concentration here)
n1 = (Cip-Csurf ) *n
ne = (1.0+n) * Delta2

GameC = ui/n2

(4]

(calculstion of the concentration of the smmode mode at altitude zalt,)

( .............................................. sewoeconssvamcwe esccsemscane coe
Assume GameC has been cslculated. Aiso sssume that the amp, u10, and
uave are known. An input variable, the height, 2alt, is used snd the
output is the concentration amplitude Catt at that altitude.

.............. tessceccascnnctacssssctanncnasecesrtsannastsssssscsannresrena)

select CASE (smode)

NnoOON

n

case(0) | ( The case for the dust component )
if (zalt .LE. RSData.2B8ase) then
Calt = Csurf

else
Calt = 0.3*fna(SOData.AMP)+GamaC*(zalt-RSData.lBase)

endi f

it (Czatt .GT. RSData.zi) .or. (SOData.AMP .LE. 5.0)) then
Calc¢ = 0.0

e-di e

case(1) 1t ( The case for the background component )

Ceurt = fna(SOData.AMP)

if (zalt .LE. RSDate.Z8ase) then 1 (below cloud leyer)
Calt = Cs.rf

else
Colt = CSurf+GamaC*{zalt-RSData.28ase)

endi f

if (SOData.AMP .LE. 5.0) Calt = Csurf
if (zelt .GT. RSData.zi) Calt = Csurf

cese(2) t { The mode 2 sessslt component )
if (zalt .LE. RSData.2Base) then
Calt = Csurf
else
Calt = Cgurf+GaraC*(zalt-RSData.2Base)
endi f




{f (2alt .GY. RSData.2i) Calt = 0.0

case(3) t ¢ The fresh , model, seasalt component )
H3=50.0
1 ¢ )
t ¢ Uses a scale height for these large droplets )
if (zelt (LE. RSData.ZBase) then
Calt = Csurf*exp(-zslt/H3)
else
Calt = Csurfrexp(-zelt/H3)+GamaC*(zalt-RSData.28ace)
endi f

{f Czalt .GT. RSDats.2i) Calt = 0.0

end select | ¢ (CASE)

if(calt .Lt. 0.0) colt=0.0

Calt = ko * Calt | {correction for visibility)
end | (PROCEDURE NOVAMY)

SUBRQUT INE Optics( AQ, AT, AZ, A3,
$ Rh, wavin

I

3 Ext, Abs R

s AMPVeL )
¢ 3ms)
¢ { Purpose: Yo calculate the extinction and sbsorption give input )
e ( paremeters AD -> A3 , wavelength, and relative humidity )
)
¢ ¢ Called by: MSR_NINV (Convection Case), MSR_WEAK (Weakconvection)) )
c( MSR_SBL (Single lnversion Marine Boundary Layer) b
¢ { Csalls Out: Swell, Powerlil b
¢ { Preconditions: The tables in opmat exist )
¢ { Globsl Verisbles: common/opmet )
¢ { Revision History: )
€ (oo eee cemese b}
c ( Date | progremmer { Remarks p)
€ (eoc-cececcccocoanca. R R L LR e L LR *s=)
e ( 1988 | Stusrt Gathman Designed Code )
c ¢ 02 0ct 1991 | Charles McGrath Comments added )
c( Hov 1992 | Linda Hitney Convertad from PASCAL to FORTRAN)
c )

real y7(40),yB(40)
real £(3)
real pi/3.16159265/
rest Y0,11,T2,T3
real EO,E1,E2,E3

L

resl
resl R
common/opmat/T0(40), T1(4,40),72¢(4,40),T3(4,40),
$ €0¢40),E1(4,40) ,E2(4,40),E3(4,40),L(40),R(L)

¢ begin Optics ROUTINE
domode = 1,3
call Swell(mode, fO, Rh, AWPVal)
. f(mcde) = 10
enddo

BEGENIN A UNORC AN NN LN ST RN AP NOARSAACN ORISR

Extcalc:

T semecesc.ccacmavscaccoscanne cecme~ .
.

: Extinction/Absorption

) === -

e .
GRS R NN R AR RS RSSO NSO AN NN RN ENNOS TN ABONRI S

i=9

it (Rh .EQ. (V1)) j
if (Rh .EQ. r(2)) j
if (Rh .EQ. r(3)) j
if (Rh .€Q. r(&)) j

SN




if (j .E0. ) then
il =9

e'se
ij =1

endi ¢

c {jj=0 shows that there is not sn axact humidity ¢it)
it (J) €Q. 0) then
it (Rh (LT, P(2)) =2
i€ CRh LT, r(3)) .ond. (Rh.GT.r(2))) j =3
{¢ ((Rh LT, r(&)) .and, (RMh.GT.r(3))) | = 4
endif

do 1f =7, 40 | (calculate y7 and y8 for all wsvelengths)
ff (jj -ME. 0) then 1 (ie an exact rh match)
1 (Exact Relative humidity match)
Y7{11) = AO®*power10(TO(1i})
* At*poweri0(TI(],11))/f(1)
-+ AZ*pouer10(T12(J,11))/€(2)
+ AS*power10(T3(j,11))/€(3)

e

Y8(11) = AO0"power10CEO(1{))
+ \*power10(E1(j,1i))/¢1)
r A2*nower10(E2(j,11))/4(2)
+ A3*power10(E3(j,11))/€(3)

else
I ! INTERPOLATICN FOR RELATIVE MUMIDITY)
06 s R(IH-NI-V)
DS = Rh-R(s-V)
RS = D5/Dé
Xt = Yi(J-1,ii)e
$ (T¢I, 11)-T1(J-1,19) )RS
X2 = T2(J-),i8)
$ (Y2(J,11)-T2(4-1,1§2)*RS
B s T3(I1,10)¢
s CT3¢d,i1)-T3¢4-1,11))*RS
Bl = EN(J-1,ii)
s CEV(J, §13-B1Cd-1,11))*RS
B2 = E2(J-1,11)*
$ (E2(J,11)-E2¢J-1,11))*RS
83 = E3(J-1,ii)e
(E3(J, 11)-ER(JI-1,ii1))*RS
YT(1§) = AO*power i0(TOC1{))
+ A1*power10(X1)/£(1)
+ A2%power10(X2)/4(2)
+ A3*power10(X3)/1(3)

[ 4

L N

YB(1i) =  AD*power10(EO(I{))
+ Al*power 10(B1)/1(%)
+ A2*poweriG(B2)/f(2)
+ A3*power10(83)/f(3)

[ N

endit

Y7(1i) = 0.00V%Pi*Y7(i{)
YB(ity = O0.001*Pi*Y3(i{)
enddo | end calculations of waviength vaiues of y?7 snd yB

Fe (Q.Q".‘"."""I.i".".'.'.'. Auts ..Q.t......-ﬁ.ﬂ.'.t..t\i-’.'.)

! Extabs:

Extinction wryl absorption

of individual wavelengths
calculation

......................................................

LTI T

[

c A 11 A 22T A ddd FTL 22 el i it aldliaaldll] i N dd) .ttﬁithﬁﬁ'."")

10 = 0
if (wavin (EQ. ((40G)) then
f0 = 40
else
doi = 1,39 | 7bracket weve'ength)

IF (wavin .EQ, L(1)) THEN




{0 = {1 ) (wavelength is exact i0 is positive)
ENDIF
1F ((wevin.GT.L(I1)) .and. (wavin.LE.L(1+1)))THER
0= -1
ENDIF
enddo
endif

if (i0 .GT. 0) then
Ext = YI(10)

Abs =  Y8(19)
. else
0 = -{0
A = Y7(10+1)-Y7(10) !t MAVELENGTH INTERPOLATION)
B = YB(10¢1)-YA(10)
C = L(10+1)-LID)

Ext = Y7(10)+A*(wavin-L(10))/C
Abg = Y8(10)+B*(wavin-L(10))/C

END | OPTICS

SUBRQUTINE Depovel(Mmode, AOQ, Rrh, T, Ustar, vd, vgdry, SOData)

ELRENERESKT resziczes)

[}
"

Purpose: This routine calculates the deposition velocity (wm/s)
Called by: MSR_SBL (SimpleBLCase)
Calls Out: SWELL,Diff_coef, Mu_calc, fnr, sqrt, and Max
Comments: This routine calculates the deposition velocity (m/s)
based on the theory of Slinmn & Slinn - A.E. [1980) p1013 and
modified by Fairall & Davidson [1984)
the inputs are :
AO the diemeter of the dry serosol (m)
Rh the relative hunidity in percent.
Mmode an integer (1, - 3) whick describes the modes
ot the particular componant of the NAM as to
it's chemicsl nature.
T air temp (C)
Ustar friction velocity (m/s)
The outputs are :
vd the deposition velocity (m/g)
vgdry the stokes fall velocity of a dry particle.(m/g)

..........................................................................

Revision History:
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Date | Programmer | Remarks
R R R A R R R e SRR EEE SRR b)
( 1988 | Stuart Gathman Code designed b
{ 02 Oct 1991 | Charles McGrath Comments added ]
( Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN b
(.8.!B.II.I-‘=BI==‘I=======I8==I======llSSEISS=!l=t=======3=:==llt====!I===)

. resl RO, F, F99, D, St, h99, Sc

resl Nu, vgc, vgd0, Kcp, Kdp, Kc, Kd

real rh

real K

res| Mu_celc
include ‘sodata.inc’

K =0.4

T0 = 296,16

C = 393,16

G =9.8

Dw x 1.0

td = 0.0013
Denairstp = 1,19

rh ~ ¢rh




c calculates the wwelling fecior F for the mode in question
c use mmode tc determine the specific gravity of dry particles
call Swell(Wmoge, F, Rh, SO0Ate.ANP)

if (Wmode .EO. 1) then

RO = 1.8
elne
RO = 2,165
erndif
RO = RO*1000.0 | convert specific grevity to censity {HKS)
Nu = Mu_calc(T+273.16)/0enairstp | calculates kinematic viscosity
! ecalculates the dynamic .
| viscosity from T
vedry = 2.0"RO*G*AQ*AC/(9.0"NuW) v stokes tall velocity
vge = FNR(F)/ROF*F*Vodry
N9 = 9.0

call Swell(Mmoce, F9S, h99, SOData.AMP) ! calcs swelling factor £99

Vgdd = FNR(FOO)/RO*FOIFOO*Vadry
L34 = vgdO*Ustar*Ustasr/(Nu®G) ! stokes number
Kep UstarTSORY(()/(1.0-K)

Jd = D{ff_coef(A0/2.0) ! PBrownian Oiffusion Coefticient
t Toomey Fig 3.1 (the divide by two
{ and, converts from dis to radius)
Sc = Nu/D i Schmidt number

e The following formile is from Fairall and Lavidson £1986]
Kdp v Ustar?*SORT(Cd)/(SGRT(ScI*K)
Kc s KcptVge
xd z  Kdp*Vpdo
vd = Ke*Kd/(Kd+Kep)
wed | Depovel

SUBROUT INE Wecalc( RSCalc, $O0Data)

[ 4 ( tﬂIIlz.l"‘l:.l'}"‘!l':‘ﬂls=l.:2‘:'378."‘3“3"‘3’3&9}
¢ ( Purpcse: b
¢ ( Called by: MSR_SBL (Simple Marinc BL Cece) )
¢ { Calls Out: Farcel2, We2 )
¢ ( Preconditions: )
¢ { Giobsl varisbles: )
¢ { Revision Higtory: )
[ ( ---------------------------------------------------- Leevecemmaer ereamserenn )
¢ { Date { Progremmer | Reawcks b}
€ {-romnernne emneesemesasmesesecmac ssasanE LT TSen oS Ten s SRR T TR TN ?
¢ { 10 Oct 1991 | Charies McGrath | )
C (tﬂ..l'.‘-lt’lkﬁ = \ll.ﬁ’lﬁ;?ﬂ!‘t:ﬁ"&ﬂEl==3$!==!!)

include 'rscelc.ine’
include 'sodets.inc’
Weold = ©.0

lloop = O

320 contirue

call We2(R$Calc, SODate)

if (1loop .EQ. Q) then
lioop = 1
weold = RSCalc.We
konstant = Weold
G070 320

endif

if (1loop .GT. 5 ) goto 330
if ((RSCalc.we .LY. 0.9*Weold) .OR.
3 ‘RSCalc.We .GT. 1.1%Weold)) then




Weold = RSCalc.We
1loop = 1loop*?
GOTO 320
endtf
330 continue
end | WEcalc

SUBROUTINE Bulk(U10, Th, Tdelta, Qdelta ,
$ Ustar, Yetar, Qstar, Tstr)
sz= x = suz)
Purpose: Calculate Bulk temperatures and mixing ratio
Called by: MOD_NPS1.SimpleBLCase )
Calls Out: SUBSL.min, SUBSL.max, )
Preconditions: )
)
)

Global variables:
Revision History:

e laXalataXaXaXa e Xml

€ 10 Oct 1991 | Charles McGrath
¢ Hov 1992 | Lirda Hitney Converted from PASCAL to FORTRAN
(szsusnmsax ERECREREIEES EEEESIIEEEESSEEINERCARERERTARER)
real KKK .
real pi/3.14159265/
' real Mult

a0 nHNODDDDDOOOENO

€ const
KKK = 0.35
ALPHA_T = 1,35
201 " = 2.06-05

210 s 10.0 1 from GLOBALS ( sltitude of 10 m )
t (i from NPGS lines 20435 - 20645)

| begin { procedure Bulk )
if (U0 .EQ. 0.0) VYO = 0.1

if (V10 .GE. 2.2) then

Can = 0.789*Xtoy(U10, 0.259)/1000.0
eloe

Cdn = Xtoy(Max(0.2, U10), -0.15)*1.08/1000.0
endif

20 ®* Z210"EXP(-KKK/SQRT(Tdn))

Ctn_sqrt = ALPHA_T*KKK/LOG(Z10/20T)

$81 = KKK*0.83°210/1h*(Ctn_sqrt/Cdn)

s *(Ydelta+0.000612Thvadelts)/(U10*U10)
Ss = Ssi

So = Ss1

if (So .LT. 0.0) GOTO 20360 1 (! unstable)
if (So .L7. 1.8) GOTO 20280 1 (! stahle)

1c (I ftvery stable)
Ss =« 10.0
. Peil s 47,0
Psi2 = -64.0
GDTO 20470 V (1 stzis)

20280 continue : ( t Istable)
Peil = ~8674.7
Psi2 = ~Ss%*6.4
S5 = SOALPHA_T/KKK
$8 = Ss*({KKY-SART(Cdn)*Psi1)*(KKK-SCRT(Cdn)*Psil)
s /(ALPHA_T*KKK-Ctn_sqrt*fPsi2))

if (ABS(Ss-Ss1) .LT. 0.051) GOTO 20470 t (! exit to stars)




§s1 = Ssg
GOTO 20280 ¢t (! stble)

20360 continue | ( | lLinstable)
Xx1 = Xtoy((1.0-15.0"Sg), 0.25)
Xx2 = Xtoy((1.0-9.0*Sg), 0.5)

€ { ANGLES {n RADIANS)
Psi2 = 2.0"LOG((1.0+Xx2)/2.0)
Peit = 2.0%LOGCC1.0+Xx1)/2.0)+L0G((1.0+Xx1*Xx1)/2.0)

s 2. 0%ATAN(Xx1)#Pi/2.0

S8 = SO'ALPHA_T/KKK

S8 = S8*((KKK-SORT(CAn)*Psil)*(KKK-SQRT(Cdn)*Psil)/ .
s CALPHA_T*KKK-Ctn_sqrt*Psi2))

if (ABS(Ss-Sat) .LT. 0.051) GOTO 20470 1 ( 1 Exit to stars)

$s1 = S$g
GOTO 20360 ¢ (i unstable)

20470 continue § ( | tstars)
Mult = ALPHA_T*KKK/(LOG(210/20T)-Psi2)
Uster = KKK*U10/(L0G(210/20)-Psi1)
Tster »  Tdelta®Mult

Qstar = Qdelta*Mult

Tstr =  Tgtar+0.61%Qstar*Th/%000.0

«nd | { procedure Bulk ?

SUBROUT INE vhiteflux( $r, U, Rin)

C (== unnus 13 ax = s - )
¢ ( Purpose: )
(X ¢ 2
c( )
c ( Preconditions: )
¢ { Global vVariables: )
c {( Revision History: )
€ (ree--rmromencnans e LR R LR LR PR R b}
c ( Date | Progrommer { Remarks )
¢ ( ----------------- seanesoomaan ecemna secemcnces P L L T R P S D e T T T )
¢ { 01 Jan 1991 | Stu Gethman )
c ( 27 Sep 1991 | Charles McGrath Comments added )
c( Nov 1992 | Linda Hitney Converted from PASCAL to FORTRAN )
[ (II...Ilz3...!!22=3'8'B!l=l=l3ll8=l‘--- 4 EERNAN --I)
€ (* This is & procedure based on the table in Fairall, Davidson & Schacher

c 1982, Table 3

c $r is the flux predicted by this procedure which would be produced

¢ by whitecapping at 8 wind speed of U m/s and of radius Rin in microns

c of the droplets. Thic assumes a relative humidity of 80X. This routine
c performs o simple linear interpolastion inbetween table values

c Programea into Turbo Pescal by §. Gathman 12/28/87

€ This procedure needs procedure linfit *)

integer row, rows, |, ¢

resl RO (7) /0.0, O.

res! uo (7y /2.2, 6.
)

ool, cols
8, 2.0, 5.0, 10.0, 15.0, 50.0/
0, 9.0, 11.0, 13.0, 15.0, 18.0/

resl n (7,7

data ((M (i, j), j=1,77, isV,])

s /0 0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
s 0.0, 1.3, 1.1, 2.5, 1.0, 3.0, 0.0,
$ 0.0, 4.5, 3.%, 4.2,3.3 2.3, 0.0,
3 0.0, 8.2, 7.7,11.0,2%.0, 27.0, 0.0,
% 0.0, 9.1, 9.2,17.0,49.0, 48.0, 0.0,
s 0.0,11.0,10.0,19.0,72.0,140.0, 0.0,
S 0.0,17.0,11.0,24,0,92.0,180.06, 0.0 /

! begin  ( Whiteflun )




Rows = 0
Rov = 0
1=

it (u .L7.2.2) return ! (Sr remains zero if no whitecapping exists)

100 continue
cirh repest
if (u .EQ. WO(i)) then
row o |
rows = 1
endif

if (u LT, WO(i)) row = §
i=in
: clrh  until (§ .GT.6) or (row .NE. 0)
it ((i .LE. 6) .and. (row .EQ. 0)) go to 100

1 (Wind i sorted out st this point)

1 ((Rows .EQ. 0) .snd. (row .EQ. 0)) then
st = 9999.0
return

endif

Cool = 0 s
cols = 0
is

200 continue
clrh  repeat
if (RIin.EQ.RO(E)) then
cool s |
cols = 1
endif

if (RIN.LT.RO({)) cool = i
i s is
clrh until (1.67.7) or (Cool .NE.O)
if (({ .LE. 7) .and. (Cool .EQ. 0)) yo to 200

1 (exact fitt) -
if ((rouws .EQ. 1) .and. (cols .EQ. 1)) thewn

sr s m(row, cool)

return
endi

! (exact wind, fit size)
if ({rows.£0.1) .snd. (cols.NE.1)) then
call Linfit(sr, Rin, RO(Cool-1), M(Row, Cool-1},
] RO(Cool), M(Row, Cool))
return
endif

! (exact size, fit wind)
ff ((rows.NE.1) .snd. (cols.EQ.1)) then
call Linfit(Sr, U, UO(Row-1), M(Row-1, Cool),
3 UO(Row), M(Row, Cool))
return
. endif

t (it both size and wind)
call Linfit(Sr1, U, UO(Row-1), M(Row-1, Cool-1),

) UO(Row), M(Row, Cool-1))
call Linfit(sr2, U, UQ(Row-1), M(Row-1, Cool),
UO(Row), M(Row, Cool))

call Linfit(Sr, Rin, RO(Cool-1), $r1, RO(Cool), $r2)
end | ( procedure White Flux )
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SUBROUTINE Linfit( Y, X, X0, Y0, X1, Y1)! real)

{ sz )
¢ Revision History: )
{---evececnscocann cesesnmiccaccecnacae T T )
{ Dste |  Programmer | Remarks )
(.--........... ....... @eecsswmnossrsannssscnamaus eeemaerescanmvessscvacaane )
€ 01 Jan 1991 | Stu Gathmen b
C 27 Sep 1991 | Cherles WcGrath Comments added )
< Nov 1992 | Linds Hitney Converted frem PASCAL to FORTRAN )
)

| begin { LinFit )

Y = Y0e(X-X0)*(Y1-Y0)/(X1-X0)

end | { LinfFit )

SUBROUTINE Sky2(2d, RDetaAry, T10, Qp, Taky)
¢ )
{ Purpose: Calculate sky temperature based on calculated fluxes b
{ Called by: ®O_iPS1.SimpleBLCase )
{ Cells Out: SUBS2.xtoy )
{ Comments:
(SR ceceacnnen R R R L R R R R R e LR LR DR >
C DEFINITIONS: )
( NSND = NUMBER OF POINTS IM THE SOUNDING )
( DTOZU s POTENTIAL TEMPERATURE LAPSE RATE C/M )
( DQADZU = MIXING RATIO LAPSE RATE G/KG/M )
C 2INV s [NVERSION HEIGHT, TOP OF MIXED LAYER M b
< OTH = POTENTIAL TEMPERATURE JUMP AT INVERSION )
< DQP = MIXING RATIO JUMP AT INVERSION G/KG )
{ $0 = DOWMWARD FLUX AT 2 C-M/S )
[4 EFD = EMMISSIVITY OF NIXED LAYER )
< SH s UPMARD FLUX AT 28 C-M/$ )
1 Rsti0 + Rdata(1,2); { surface potentis! temp from rodiocsonde )
{1 Rsgp = Rdata(1,3); I surfece mixing ratio from radiosonde )
(! 2Zbese = Rdste(2,1); 1 height of base of cloud layer )
 2b = lbese; )
¢! Tbm = Rdata{2,2); 1 potential tempersture 8t cloud bese - )
{! Qbm = Rdata(2,3); ! mixing ratio at cloud base - )
(! Tunits = Rdata(3,1); ' )
(I Tbp = Rdata(3,2); 1 potential tempersture st cloud bese ¢+ )
{1 abp = Rdata(3,); ! mixing ratio at ¢ .oud bese + b
o s Rdata(4,1); 1 height of the cloud top )
< Thim = Rdata(4,2); | potentisl tesperature at cloud top - )
(! Qim »  Rdata(4,3); ! mixing ratio at cloud top - )
{! ounits = Rdata(5,1); ! )
¢ vig = Rdata(5,2); | potentisl tempsrature st cloud top + b
{1 eip = Rdsta(5,3); ! mixing ratio at cloud top + )

)
{ INPUTS: )
< 2D = HEIGHY AT WHICH CALCULATION TO BE DONE )
( T10 = THE MIXED LAYER POTENTIAL TEMPERATURE b
( QP = THE MIXING RATIO IN THE MIXED LAYER (G/KG) )
{ )
{ OUTPUTS : TSKY = EFFECTIVE SKY TEMP AT MEIGHY 2 )
(eeoeonne ceseasca- cececscnamscsanne cesennas cecccommnn ceesacacen resmcecsnann )
)

{ Revision Wistory: )
( --------------------------------------- Sesamcvesremssrerscenanasancecaanurtona )
{ Date ] Programmer | Remarks ]
O R R R AL L LA AL Al bt )
{ §. Stage, NPS original Code
( C. Fairall, WPS Modifications
( 1088 | 5. Gethman, NRL Adaptation to NOVAM
{ 02 Gct 1991 | Charles McGrath Comments sdded b}
( Wov 1992 | Lindes Hitney Converted from PASCAL to FORTRAN )
(I.Il....l...l-llfIIL‘IIHII.I'I.I.‘IIISSII!'IIIIIl..l.lllIII.III...".IIII.-‘)

resl RDataAry(200,1)
rval Pot_temp(200), Spec_hum(200), 2snd(200)
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real Emit(2)

resl Thrand(200), Qtsnd(200), 22(200)
resl Nand

real Nemis, index

real le

jnteger Kesp, 1, i

Gad = 0.0098
Rho0 = 1.225
2scale = 10096.0
saig = 4.61E-N

U =0.0
s =00
i =1
rand = int(RDatsAry(1,1))-5
2bsse = RDataAry(2,1)
ODtdzu = (RDstmAry(2,2) - ROBtaAry(1,2))/Ibase
podv = (RDstaAry(2,3) - RDataAry(1,3) )/lbase
Zinv = 1base
i) = Zbase
Dth = (RDataAry(3,2) - RDstaAry(2,2))
(1= = (RDatarry(3,3) - ROataAry(2,3))
T10 = (RDataAry(1,2) ¢ RDateAry(2,2))/2.0
ep = (RDatwAry(1,3) ¢ RDateAry(2,3))/2.0
index = 1
i = 1
300 continue
clrh repeat
2snd(1) = RDatsAry(1+5,1)
Pot_temp(l) = RDataAry(1+5,2)
Spec_hum(l) = RDateAry(1+45,3)
index s {ndex+!
= jel

{
cieh until index .GE. nend;
f¢(index .lt. nand) go to 300

Keep = O
index = 3
{ s 1

305 continue
clrh repeat
if (Zsnd(1) .LT. Zb) then
2z 1+Keep) w  Zsnd(1)
otsnd(1+Keep) = Qp
Thrand(1+Keep) » T10
endif
1f (2snd(l) .LT. Z0) GOTO 19090
1f (xeep .EQ. 1) GOTO 19090
22(1) e 2b
Qtsnd(l) = @p
Thesnd(l) = T10
Xeep s

19090 continue
if ((2snd(1) .GE. ZB) CAND. (2smd(1) LT, 3000.0)) then
Qtsnd(i+Keep) e OPOD(p*qulu'(hnd(l)-lb)
Thrend(1+Keep) = T10‘Dth’Dtdlu'(erd(l)'1b)
endif

§f (2end(1) .GE. 3000.07 then
atsnd(i+*Keep) = spec_hum(1)
Thrsnd(1+Kesp) = Pat_tem(l)

endif

i$ W1 .GT. 1) LAND. (Zsnd(1) .EQ. 0.0)) then
atgnd(1+Keep) = 0.0
Thrond(l+Keep) = 0.0

endif

BS



clrh

19400

if (Keep .EQ. 1) 2z{l+Keep) = snd( 1)
{ndex s index+1
i s s

until (index .GE. Nsnd-1);
if(index .lt. Nsnd-1) go to 305

8

Nemis
Check
chick
1

u
1cloud
Nend

o000
- X-X-J

0.0 | (added 6/17/88 so that sum starts out properly $GG)
int(Nsnd) 1 (! ASSUME KO UPPER LEVEL CLQUDS)
Nand-1

if (Nsnd .LE. 0) return
itops 1

do while (zz(itop) .LE. 3d)
{top s itopt

Itop s 1top-!

if (ltop .LE. 0) Itop = 1

continue

Tts = Thrsnd(ltop)-Gad*2z(1top) t (! Line 16550 in npgs program)
Emit(li) = 0.0

1 ndex = jtopel

{ = {top+l

do while (index .L7. (nsnd-1))
1 o= 318 s Cfi=st, 2, 1,2 14,21, 2,1, 2, cecnees changes
| { every pass )
if 1 .GT. Icloud) GOTO 19710
t (C22(1) .GT. 2b) .AND. (Check .EQ. 0.0)) GOTO 19800
i ((2z(1) .GT. Zb) .AND. (Chick .EQ. 1.0)) GOTO 19840

U = Usatsnd(1)*(5.0E-05(Zz(1+1)-2¢(l-1))*Rho0*

s EXP(-Zz(1)/2scale))

v =

if (-Chick .EQ., 1.0) V = UO-U

call 1int779(Nemis, V, Emit(ii), Es, l¢)

Tt s Thrand(1)-Gsd*Zz(1)

S s S-Emit(1{)*Ssig®( Xtoy((Tt+273.16), &£.0)-

$ Xtoy((Tts+273.16), 4.0))/ '00.0
Tts s Tt
index = index+l
i s i+l

19580

enddo | ( while )

continue

tt = zz(int(nsnd))

1t = Thrlnd(Int(N:nd-1))‘Gld'll(int(“lnd-1))

Xyr » RhOOPEXP(-22( {nt(Nsnd-1))/2scale)

U = Mund(int(ﬂmd-l))'0.0001'(11(im(hnd-‘l))"

] 2z¢int(Nsnd-1)-1))*Xy2

19710

19730

v = U

§f (Chick .EQ, 1.0) VvV = uo+U

coll 19nt779(Nemis, U, Emitili), Es, 1&)

3 = $+5sig"Xtoy((Tte273.16), 4.0)*Emit(1i)/100.0
1cloud = int(Nsnd)

ftop = 0.0

GoY0 19730

continue
Tt = Thrsnd(lctoud)-Ged*2z(icloud)
Ftop =  S§sig"Xtoy((Tt+273.16), 4.0)

continue
taky = (ftop®(1.0-emit(i 13)48) /889
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if (tsky .LT. 0.0) then
tsky © 273,14 | (there is a failure in routine)
else
Taky = XtoyC(((Ftop*(3.0-Emit(]i))+S)/Ssig), 0.25)
endif
80 = §
it ¢(2d .NE. 0.0) return t EXIT SKY2
Chick = 1.0
v = 0,0
s = 0,0
GOTO 19400

19800 continue
11 = Emit(lid
uo = U
Check = 1.0
GOTO 19580

19840 continue
s$h = §
return
end | ( Sky2)

SUBROUTINE 1[int779(Nxy, X, Y, Slope, Ix )

c( =)
c {( Purpose: Interpolation routine used by procedure Sky2 b
c { Colled by: Sky2 b
c ( Calis Out: SUBSL.min, SUBS4L.max )
c { Preconditions: )
c { Globsl veriables: )
c { Revision History: )
[ (......-.....-. --------------------------------- vesvsesamronan vecccsenas)
c { Oate |  Progroammer | Remarks )
€ (~ocecmen- R R LR et R R Rt sea=e)
c ( 02 Oct 1991 | Charles McGrath Comments edded ]
c{ Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN )
c )
c begin ¢ ( Procedure 1Int779)
c (i this is an interpolating routine called by 5KYZ twice )
c (t INPUTS ¢ nray, x ?
c {{ Stored constents xarrsy, ysrray ere Tu and Temis )
c (t outputs : vy, slope, ix b

real Tu (22)

3 / 0.0, 1.06-05, 2.15€-05, 4.64€-05, 0.0001, 0.000215,

3 0.000464, 0.001, 0.00215, 0.00464, 0.01, 0.0215,

3 0.0464, 0.1,0.215,0.464,1.0, 2.15, 4.64,10.0, 21.5, &6.4/

resl Temis (23)

] / 0.0, 1.86, 2.58, 4.1, 5.72, 7.81, 11.4, 14.6, 18.3,
s 23,6, 27.7, 31.9, 37.4, 61.7, 46.2, 52.9, 59, 66.6,
3 78.8, 88.1, 95.1, 98.8, -999.0/

real [xmax
real Nxy, X, Y, Slope, Ix

Ix = 0.0
Ixmax = #ax(1.0, Ix;
Ix » #Min(Ixmax, Nxy-1,0)

19940 continue
it (TuCint(ix)).LT.X) GOTO 19980
i1f (Ix €0, 1.0) GOTO 20020
Ix = 1I1x-1.0
GOT0 19940

19980 continue




i1 (X.LE.TuCint(Ix)+1)) GOTO 20020
if (I1x+1,0 .EQ. Nxy) GOTO 20020

Ix = 1xe1.0

GOTO 19940

20020 cont {rwe
Slope = (Temis(int(Ix)«1)-Temis(int(Ix)))/(TuCint(Ix)+1)
s =Tu(int(1x)))
Y = Slope*(X~Tu(int(Ix)))+Temis(int(Ix))
end | { Procedure 1Int779)

SUBROUTINE We2(RSCalc, SODats)

Purpose:

Called by: WeCsle

Calls Out: SUBS4.max, SUBSL.min, SUBSL.fnK, SUBSZ2.xtoy
Precordi{tions:

Global varfables:

Revigion Higtory:

@sssepmevecernucoannae ascconmecacan teemrmesrsanescansnsnrtstaves T e rarssnmEe

........................................................................

fOoONoOoONNoOOOONDD D
PN NN
Do A AV RS R P Rl

1 This sub program calculates entrairment velocity, longuwave
1 cooling and aversge cloud temperature if cloudy, and emigsivity.
I routine PARCELZ must be called previously.
inputs :
1 mw Height at top of mixed Layer (m)
2 2lct lifted condensction {evel (m)
J 0te Equivalent tesp jump at 2invnv (C or K)
40w NMixing retio jump just below zinvnv (9/9)
Sas Mixing ratio just below 2inv (g9/9)
6 Theent_at_2 Potentisl temperature just below 2inv
7 oliq Liquit Water Mixing Ratio just below 2inv
8 110 Mixed Layer Potentisl Temperature (¢)
9 Tsfc Ses surface Tempersture (K)
10 ustar
11 Tstar
12 Qster
13 Tstv
14 Tsky Effcctive Sky 'lenpeuture (k)
QUTPUTS : We entrainment Vclocﬂv (®m/8) updates RSCALC.WE
R2DEL cooling if cloudy (m C/8)
tbar Average Cloud Temperasture (K)
Emiss Emissivity

€ “"reecemecsscactrececcmcscnnncs tencecmces csevevecccreacacancae encecrnmcaans )

-—eem e A D A B m D R MR e MR WD B W D W D e

common/globats/dte dow, wthe, wq,ustar, tster, qstar, tstr, tsky

real Wth, Wq, Wthv, M1, N1, M2, N2, M3, N3, We2twp, Wx, Bb

rest 1§ .
include ‘racale.inc’

include ‘sodata.inc’

! (sdded InitWeData 3/8/89 since qlig wasn't known. 8g9) "
catl Parcel2(RSCalc, SODats, RH_in_Situ, TH_at_ZHgt,
s Q_V, 9L, 2_._CL, TH_V, T_Cent, 1_S)

2lcl = 2 L CL
Dgws = dqu/1000.0

¢ dqus = dow
Qs = 0v/1000.0
Theent_at_z = TH_st_ZWgt
Qliq = 0_L/1000.0




L1

710
Tafc

SoData.T10
SODsta.Tsea+273.16

Ustar = WeData(10)
Tater = WeData(11)
Qstar = WeData(12)

Tetv s tstr
Tsky =
Dth s Dte-2460%Dqus
Thr = Thcent_at_2+4273.16
Th = T10+273.16

Epsflon » 0.622
Ssipm = 4.61E-1

Wl

Emiss =

Qliqr1250.0
-(RSCalc.2inv-2lcl)*0.138%WL/2.0

1 (emins .L7. 10.0) then

onisg = 1.0
else
Emiss = 1.0-EXP(emiss)
endit
Emiss = Max(0.0, Emiss)
Tc s  Th-0.0098%2\cl
b = Thr-0.0098*RSCalc.Zinv
Thar = (Tb*Tc)/2.0
Dgadt = 0.622*Qs*(2450.0/(0.287*Thar*Thar))
Sets = (1.0ﬂh'(1.0’£pﬂlon)'bqsdt)/('l.ooz%0.0'Dqsdt)
02 = Bete*Dte-Epsilon*Tbar*Dqus
Dthi = Oth-(Thr-Th)
01 = Dthi®(1.0+Epsilon*0s)+Epsilon*Tbar Daus

1 (1 101sDthi+Epsilon®Dgw Istage & businger ! eqn 12)

goe = Max(0.0, Zlcl/RSCalc.Zinv)
sSee = Min(See, 1.0)
/b = Emiss*Ssigma®(Xtoy(Tb, 4.0)-Xtoy(Tsky, 4.0))
Re = Emiss*Ssipme®(Xtoy(Tsfc, 4.0)-Ntoy(Tc, 4.0))
if (See .EQ. 1.0) then
b = 0,0
Re = 0.0
endif
Wth = -Uster*Tstar
Wq = -UstartQster/1000.0
Wthy = -Ustar*Tsty
Wthe =  Wth+2460.0%q
M1 = (2.0-See)*See*fnH(Wthv)+
(‘I.O-See)'(1.0-Sn)'fnﬂ(Beta'\lthe-‘lh'Vq)
N1 = (2.0-See)*See”fnH(-Wthv)+
3 (1.0‘500)'(1.0-Sn)'fnu(-aetn'l.ltheoTh'Uq)
M2 = See*See*(fnH(RE)-Rci+
L 3 (1.0-See)*(1.0-See)"Beta*Rc+(1 .0-See*See)*Beta* fnH(Rb)
N2 = See*See*fnH(-Rb)+(1.0-See"See)*Beta” fnH( -Rb)
M3 = (1.0-See*See)*fnH(-D2)
N3 = See*See*D1e(1.0-See*See)* fnH(D2)
Weltp = (0. 2% (M1+M2) - (N1+N2) )/ (N3-0.2*M3)
Wx = Weltmp

if (ve2tmp .LT. 0.0) Wx = 0.0001
Bb s 0.5¥(M1+M2eN1+N2+Wx" (M3 +N3))*RSCalc.Ziny

if (bb .GE. 0.0) then

Wstr = Xtoy((2.5%9.8/300.0"8b), 0.333)
else

wstr = 0.0
erdit

if (ugtr .LT. 0.0) wstr = 0.0




tf (we2tmp .GE. 0.0) GOTO 23529

if ((D2 .LT. 0.0) .AND, (See .LT. 1.0)) then
We2tmp = 0,005%(1.0-See*See)

c call Updatelog(*CLOUD INSTABILITY')
endit
if ¢C01 .LT. 0.0).AND.((See .EQ. 1.0).AND.(Wthv .GT. 0.0))) then
We2tmp = 0.00%
c call Updatelog( *ENCROACHMENT ')
endif
if (Weltmp .LT. 0.0) then
weltmp = 0.0001
c call UpdateLog( *NEGATIVE CALCULATED ENTRAINMENT')
endi{
23520 continue
R2del = Rb-Rc
We s Ue2trp
RSCalc.WE = we
RSCalc.wetr = wgtr
end | { Procedure WEZ2 )
SUBROUTINE Parcel2(rscalc,sodats,Rh, Th_at_z, Qv, Ql,
$ 2lel, Thy, Tcent, 1)
c ( )
¢ ( Purpose: . )
c ( Called by: We2 )
c { Calls Out: $UBS4G.mex, Ovalue, TOFind )
¢ { Preconditions: )
¢ ( Global variables: )
¢ { Revision History: )
€ {rr-eommerrronane. ¢emcecesssntcnccnncccncrne LR L h)
c ( Oste |  Progremmer | Remarks )
€ (eoee--- oomenn sescsccn sesseroerracacncacca.e sesmseccccrecaciarassncectocans b)
c { 10 Oct 1991 | Charles McGrath >
¢ ( 27 Aug 1993 | stuart Gethmen sSteplify
c( )
common/globals/dte,dgw, wthe,wq, ustar, tstar, qsatar, tatr, tsky
real Is -
rasl Lepgkg /7 2.46/ tfrom globals.pas
include *rscalc.inc®
include 'sodata.inc'
T10e = RSCalc.t10e | equiv temperature of mixed layer at 10 varINIT)
Gp = SOData.Qp | mixing ratio of mixed lLeyer varINIT)
c Dte = i jept in equiv temp at inversion PROfile)
c Dou = t jump in mixing ratio at invergion PROFILE)
We = RSCalc.We ! entreinment velocity initially .001 then from)
c Wthe s I input from surface flux routine)
c g = I input from surface flux routine)
Wstr = RSCalc.Wst:
Ustr s ustar | uster from bulk routine)
Zb = RSCalc.?inv ! height of boundary layer from variNIT)
2 = 500 ! height of desired calculations)
Pafc = 1013.0 | surface pressure from varINIT)
Gem = 0,0098
Gamdew = 0.00804
Qq = Qp
Qt = Qp
2z = 0.0
Td10 = 1d(Qq, Pafc)
2 = 2

Thr_sat_z = T10e-Lcpgkg*Qt
Th_et_2 = Thr_at_2




Tdot = 1d10

if (ustr .GY. 0.0) then
Gamue = 0.0
Gamthe = 0.0
else
m = SORT(Wgtre*ugtres OtUstr*Ustr)
Gamgque = (2.5*We*Daw-Wq)/(0.3%2b%um)
Gamthe =  (2.5*We*Dte-Wthe)/(0.15%2b% )
endif

- Gemclew =  0.008+(Td10+273.06)*(1d10+273.06)/5400.0/Qp"Gamque
Gamth = Gamthe-2.43*Gamque
28 = Max((Thr_at_z-Tdot)/Gamdew, 0.0)

2t = 28
As = 1.0
0z = 5.0

do wWhile (Dz .LE. 250.0)
It = ZteAe*S5.0
Qtz = QteGamque®lt
2the =  T10e+Gamthe*2t
Th_at_z = 2the-Lcpgkg*0tz

120 continue
Tdo = Th_at_z-Gam*2t
Teent = Tdo
™= s Tdo
1 = 2t
Pr = EXP(-0.00012145%2z)*Psfc
Qv = rMix_ratio(Tx, 100.0, fr)
T = Ydo+0.001
Qve = rMix_ratio(Tx, 100,0, Pr)
ODqdt = (Qva-Gv)/0.001
Thk = Th_at_14273.16
Tk s Tcent+273.16
Dthe » Zthe-Thk*(1.0+Lcpgkg®Qv/Tk)+273.16
Dthe = Dthe/(1.0+Lcpgkg*Qv/TkeThk/

$ Tk*Lepgkg*hadt)
if (ABS(Dthe) .GE. 0.0001) then
Th_st_z2 s Th_at_z+Dthe
Qset s Qv
endif

it (ABS(Dthe) .GE. 0.0001) go to 120

| {return)
if ((Dz .EQ. 5.0) .AND. (Gsat.LY.Qtz)) Aa = -1
it ((Aa .EQ. 1.0) .AND. (Qsat.LT7.0tz)) GOTO 21590
if ((As .EQ. -1.0) .AND. (Qs®t.GT.QtZ)) GOTO 21590
dz = du5.0
enddo

21590 continue
. 2lel = 2t-2.5
Qtz = QteGamque*2
2the = T10e+Gmurhe*2

] if (Vetr.GT.0.0) then

Gamque = 0.0
Gamthe = 0.0

else
") = SQRT(Wstrowstr+6.0%ustrustr)
Gemque = (2.5*We*Dqu-¥q)/(0.3*2b*wWm)
Gamthe = (2.5%We*Dte-Wthe)/(0.15%2b%m)

endif

2t = 2

it (2 .GE. 2lecl) GOTO 21790
s = 0.0

Th_at_z = 2the-Lcpgkg*Qtz




Th_st_z-Gam*2
b3
mix_ratio(Tx, 100.0, Psfc)
Qtz/Qvb*100.0
_ Qt2
% = Qt2
Tdot= 1d(Qq, Psfc)
Thd = TdoteGamdew*2
Tecent = Th_at_z-Gam*2-273.15

8

21760 continue
QL = Qtz2-Qv
Thy » (Th_st_2+275.16)*(1.0+0.00061*0v-Ql*0.001)-273.16
60TO 22170

21790 continue
s = 1.0
Th_at_2z = Zthe-Lcpgkg*ate

220 continue

Tdo = Th_at_z2-Gam*Zt

Tcent = Tdo

Tx = Tdo

22 = 2t

fr = EXp(-0.00012145%22)*Pstc
Qv = r#Mix_ratio(Tx, 100.0, Pr)
Tx = Tdo+0.001

Qvea = rHix_retio(Tx, 100.0, Pr)
Dodt = (Qve-Qv)/0.001

Thk = Th_at_z+273.16

T« = Tcent+273.16

Dthe = 2the-Thk*(1.0+Lcpgkg*Qv/Tk)+273.16

Dthe = Dthe/(1.0+Lcogkg*Qv/Tk+Thk/Tk*Lepgkg*Dadt)
1§ (ABS(Dthe) .GE. 0.0001) then

Th_st_2 = Th_at_z+Dthe

Qsat & Qv
endi

if (ABS(Dthe) ,GE. 0,0001) po to 220

1 {return)
Rh = 100.0
Tcent = Th_at_z-Gom*2
GOTO 21760

22170 continue
end | Parce(2

block data
c (53‘."‘..IBQ‘!II'.IE‘IIBFIIE:SGUIEIS.C'IHI‘-.‘llIl.llllxﬂz‘g:"l“:'l!lg%:l.)
c ( File Name: TABLES D]
c{ )
c ( Purpose: Define global constants b
e { for NOVAMSR )
c( by .
c ( Revision History: b
c ( --------------- Semuwmsscncvterarntasnasvennorveans L R R L L E R )
c ( version | Dete | Programmer | Rewmarks ) .
[ R R R R R R R R A R T RS P R R N )
¢ ( 1.00 | 05 Nov 1991 | Charles McGrath | Made meny globals local )
€ (ssEoSSEITEEESrLXAEERERARESTRERRANRE ESSESERSEIETEISTEZERECES=zRERT)
¢ ( ..... Gres. wotacausensaEr v e cnebesmnanenaar tsrsavsasarevesncvencanvtnanen e
c THIS UNIT DEFINES THE REFRACTIVE INOE '~ MATRICIES USED BY THE
c NOSC PROGRAMS
c AEROL[149) [3) & WATER(169] (3)
C AND THE PRE CALCULATED OPYICAL PARAMETERS MATRICIES
[4 T0, T, T2, 13, EO, E1, E2, E3, L AND R

Crev-emvcacmomcsesenomnrasnrancasamnnecceeeceasosnessaasaoasacanaoamaanasnnaans )




reat 70,71,72,73
resl EO,E1,E2,EY

real L
resl R
common/opmat /T0(40), T1¢4,40),T2¢4,40},T3(4,40),
H £0¢40),E1(4,40) ,E2(4,40),E5(4,40),L(40) ,R(4)
c ( ----------------- L L L L R L T R R R T )
* ¢! The following date wes added 7Aug8é
¢! Datain:
¢l 3 =eevascacee seeccacsosenan terecacccesnnacenrontteannanea :
¢! H :
(] H Data Array Input Code :
cl : This is the latest set of data from the runs on :
cl :  the NTL -~ CRAY using 90 strips for the integration. :
3] : This recalculation done in Jan 1986 by SGG. :
ct : This is now coded to work with FORTRAN :
3] H 1t now includes dust, bl aerosol, and Seasalt :
c! L e e R R e LR Rl R e secacec- H
Cr~ecmcsmene D R Rl R Rt D R ))

c { Dats TOQext this is Logl0 of extinctions for dust, no growth)

data (T0(i),is1, 4L

$/-2.923469, -2.959912, -2.987542, -3.173103, -3.302204, -3.616221,
$ -4.137672, -4.703840, -4.895752, -5.076487, -5.037593, -5.163872,
$ -5.103556, -5.217363, -5.296889, -5.327413, -5.289900, -5.102895,
$ -5.095074, -5.084157, -5.04B526, -5.195929, -4.944125, -4.894694,
$ -4.862967, -4.031179, -4.850442, -4.968551, -5.043366, -5.C77295,
$ -5.139279, -5.190232, -S5.196406, -5.246624, -5.277893, -5.235742,
$ -4.976893, -5.186926, -4.969319, -5.060012/

c(

DATA T1QEXT(11) RH=50%X, Log10 of extinction, Gerber growth, bl aerosol)

data ((T1(i,)),j=1,40),i=1,4)

$/-3.100512, -3.257849, -3,312177, -3.607813, -3.783940, -4.165230,
$ -4.566198, -4.872668, -5.026904, -5.145560, -5.032576, -4.290340,
-5.104390, -5.450016, -5.497191, -5.579665, -5.614251, -4.962693,
-5.072424, -5.373218, -5.411415, -5.457934, -5.390972, -5.322320,
=5.318533, -5.299478, -5.443818, -5.392556, -5.311473, -5.180292,
-4.963052, -4.880975, -4.880810, -4.919121, -4.935093, -4.987036,
-5.100979, -5.190460, -5.278580, -5.269282,

[N N N N J

c (! DATA TIQEXT(12) RH=BS5%, Logli0 of extinction, Gerber growth, bl aserosol )
-2.881372, -3.006745, -3.054640, -3.323874, -3.4B7249, -3.847192,

<4 ,234503, -4.538456, -4.709453, -4.868959, -4.779787, -3.914959,

<&, 732570, -5.105147, -5,157909, -5.c¢62640, -5.348955, -4.621438,
-4.728809, -5.058379, -5.157147, -5.197931, -5,166802, -5.130182,
-5.122220, -5.108379, -5.1466247, -5.046100, -4.961043, ~4.795771,

-4 ,5T2189, -4.4691915, -4.493928, -4.531003, -4.557207, -4.613376,
-4.,733110, -4.836958, -4.947191, -4.973058,

L N N NN

e {

DATA TIQEXT(I3)RH395X, Logi0 of extinction, Gerber growth, bl aerosol)

-2.564668, -2.6264227, -2.659536, -2.876508, -3.015995, -3.334879,
-3.690242, -3.978232, +4.147185, -4.327570, -4.319030, -3.445402,
<6 ATCOTT, -6.519074, -4.62T327, -6.745T90, -4.B65855, -4.164842,
-4.261830, -4.592218, -4.720538, -4.T56763, -4.753329, -4.739547,
6.733251, -4.726435, -4.711348, -4.594978, -4.482949, -4.334081,
-4.108630, -4.027663, -4.030286, -4.066204, -4.095696, -4.153403,
-4.275462, -4.384523, -4.502891, -4.542451,

LN N N N N N

c{

DATA T1QEXT(14)RH=99X, ‘Log10 of extinction, Gerber growth, b1 aerosol)

$ -1.934329, -1.941536, -1.953817, -2.066715, -2.156580, -2.387460,
$ -2.670094, -2.914032, -3.061941, -3.242225, -3.365956, -2.588397,

93




c (!

c (!

-3.105357,
-3.361900,
-3.893537,
-3.272239,
~3.435535,

VR

-3.379822,
+3.659516,
-3.891807,
-3.187722,
-3.547922,

-3.564331,
-3.809977,
-3.867997,
-3.190333,
-3.67129¢,

-3.689817,
-3.866429,
-3.754512,
-3.226186,
-3.719149/

DATA T2QEXT(11)RHs50%, Log10 of extinction,
Gerber growth, seasalt eserosul)

date ((T2C¢i,)),]j=1,40),i=1,4)
$/-0.562154, -0.541000, -0.535838,

$ -0.577361,
$ -0.812254,
-1.1391461,
=1.541997,
- 1.484418,
-1.532836,

”»- e n

-0.670094,
-0.923323,
-1.317539,
-1.583959,
-1.389148,
-1.628341,

-0.734522,
-1.065244,
1.4661942,
-1.709209,
-1.387269,
-1.716656,

-0.501248,
-0.820333,
-1.160931,
-1.560225,
-1.740167,
-1.383766,
-1.611100,

DATA T2QEXT(12)RH=85X, Logl10 of extinction,
growth, sessalt aserosol)

Gerber

-0.180746,
-0.144638,
-0.294436,
-0.601609,
-1.027173,
-0.883027,
-0.930349,

L N NN

-0.168194,
-0.210292,
-0.391774,
-0.734522,
-1.058598,
-0.777310,
-1,032326,

-0.161548,
-0.262092,
-0.529266,
-0.8564073,
-1.161529,
-0.776011,
-1.147892,

-0.128083,
-0.342170,
-0.609083,
-0.95%9081,
-1.179575,
-0.780520,
-1.156823,

DATA T20EXT(13)RH=295X, Lo@l10 of extinction,
Gerber growth, seasalt serosol)

0.233022,
0.317186,
0.240150,
-0.019760,
~0.616325,
-0.299288,
-0.314¢88,

L N X N N N

0.248537,
0.283776,
0.171375,
-0.11189,
-0.443107,
'0-1875“:
-0.409771,

0.255490,
0.250883,
0.056714,
-0.222269,
-0.543619,
-0.185732,
-0.528987,

0.280738,

0.190528,
-0.005753,
-0.309795,
<0.572969,
<0.186699,
-0.599376,

DATA T2QEXT(14)RHe99%, Logl10 of extinction,
Gerber growth, seasalt serosol)

0.904948,
0.992841,
0.999687,
0.844197,
0.550094,
0.561781,
0.605316,

L N N N N

0.913119,
1.000130,
0.976859,
0.802733,
0.527088,
0.673620,
0.533340,

0.915880,
0.994599,
0.913114,
0.727281,
0.425844,
0.676547,
0.431814,

0.932692,
0.971842,
0.878096,
0.659441,
0.369142,
0.685052,
0.329011/

ODATA T3QEXT(I1)RH=50%, Log10 of extinction,
Gerber growth, seasalt serogsol)

dets ((13(i,j),j=1,40),1=1,4)

/2.145352,
2.182300,
2.224429,
2.245858,
2.233301,
2.057780,
2.157910,

LR X R N N N ]

2.169712,
2.198024,
2.235932,
2.249565,
2.223522,
2.1123%7,
2.133092,

2.150081,
2.206151,
2.247089,
2.260799,
2.183327,
2.118033,
2.00¢ 3¢5,

2.157819,
2.215479,
2.252125,
2.223184,
2.135769,
2.145880,
2.071591,

-3.838812,
-3.880711,
-3.643898,
-3.254387,

~0.491578,
-0.961658,
=1.299625,
-1.575820,
-1.716066,
-1.393447,

-0.113876,
-0.500313,
-0.728925,
-0.989022,
-1.164021,
-0.793147,

0.296358,
0.0439%91,
-0. 104445,
-0.343471,
-0.545765,
-0. 196543,

0.942722,
0.877343,
0.815438,
0.629980,
0.370661,
0.682037,

2.160943,
2.220396,
2.251881,
2.219349,
2.100405,
2.169792,

-3.299625,
-3.891503%,
-3.494727,
=3.312034,

-0.505651,
-0.705446,
-1.253249,
-1.530075,
-1.661780,
-1.432997,

-0.104589,
-0.252596,
-0.692590,
-1.002815,
-1.058086,
-0.829592,

0.322323,
0.227064,
-0.107049,
-0.385008,
-0.668100,
-0.225060,

0.970068,
0.944527,
0.763023,
0.582097,
0.420764,
0.668041,

2.172349,
2.200577,
2.216931,
2.233529,
2.072581,
2173944,




¢ (! DATA T3QEXT(12)RH=85X, LoglD of extinction,
c Gerber growth, seasait aerosol)

L X X N NN J

2.594271,

[4]

(

2.546802,
2.579944,
2.699658,
2.634056,
2.630916,
2.492271,

2.550559,

2.588787,

2.619740,
2.645353,
2.626179,
2.555602,
2.583119,

2.551450,
2.594227,
2.633256,
2.6(5560,
2.587251,
2.559392,
2.557543,

2.557002,
2.60270C0,
2.640750,
2.6384469,
2.536697,
2.579292,
2.511563,

DATA TIQEXT(I3)RH=95X, Log10 of ext.~ction,

c Gerber growth, sessalt aerosol)

[ X N N N N _N_J

[
=]

t

3.729554,
3.660752,

LA K N N

2.9m771,
3.007748,
3.028815,
3.053309,
3.067777,
2.958272,
3.050457,

3.653473,
3.669586,
3.685136,
3.704202,

3.731008,

2.983924,
3.013217,
3.036349,
3.065131,
3.064308,
2.012584,
3.049412,

3.655388,
3.675283,
3.690311,
3.711293,
3.729634,
3.697160,
3.738011,

2.984100,
3.017576,
3.047586,
3.071330,
3.039097,
3.015444,
3.037825,

3.656424,
3.677698,
3.696671,
3.718349,
3.723218,
3.699092,
3.741238,

2.989356,
3.023294,
3.055225,
3.072728,
2.995561,
3.031166,
2.997041,

DATA TIQEXT(14)RR=99X, Log10 of extinction,
Gerber growth, seasalt aerosol)

3.659012,
3.681341,
3.701621,
3.724243,
3.698631,
3.710320,
3.723513/

2.556303,
2.609881,
2.646168,
2.635293,
2.499550,
2.591443,

2.994920,
3.029384,
3.063446,
3.072287,
2.960823,
3.039136,

3.659869,
3.683875,
3.707579,
3.726311,
3.672587,
3.715769,

2.568483,
2.589771,
2.612625,
2.634195,
2.4T3487,
2.598692,

2.998338,
3.015066,
3.040523,
3.070257,
2.935981,
3.0473%4,

3.665281,
3.678327,
3.699161,
3.728670,
3.649345,
3.723061,

¢ { Date EOAbeb this is logl0 of absorption for dust, no growth)

dets (EU(i),i=1,40)

$/-3.405276,
-5.120961,
-5.319538,
-5.102203,
-4.864899,
-5, 146417,
-4.980219,

[ X N X X

c{

date ((E‘(ilj)l,=1l‘°)l

$/-7.542300,
$ -6.784944,
$ -5.421498,
$ -5.099890,
$ -5.33322¢9,
L -4.964210,
$ -5.101571,

-4.212023,
-5.270301,
-5.461112,
-5.089360,
-4.851829,
-5.195315,
-5,188432,

CATA TIQABS(11) RH=50X,

-7.634400,
-6.176761,
-6.048211,
-5.417403,
-5.312980,
-4.BB1868,
-5.190865,

¢ (! DATA T13ABS(12) RH=85X,

$ -7.651715,
-6.T33463,
-5.092422,
-4.T57856,
-5.137124,
-4.573147,
-4.,733815,

-7.765837,
-5.980842,
-5.829035,
-5.106860,
-5.121685,
-4.469291,
-4, 837365,

-4.264L226,
-5.277629,
-5.421143,
-5.077518,
-4 .847324,
-5.201301,
-4 .969724,

Log10 of absorption, Gerber growth, bl serosol}

i=1,4)

-7.645008,
~6.103452,
~5.737596,
-5.439400,
~5.454742,
-4.881669,
~5.278808,

Logi0 of absorption, Gerber growth, bl serosol)

-7.777154,
-6.103909,
-5.406636,
-5.192891,
-5.154455,
-4.494904,
-4.947537,

-4.504553,
-5.32nz27,
-5.410464,
-5.200322,
<6.9814624,
-5.250844,
-5.060256/

-7.628563,
-5.786589,
-5.773142,
-5.481710,
-5.399049,
-4.920023,
-5.269371,

-7.757384,
-5.697431,
-5.472576,
-5.218668,
-5.050210,
-4.531993,
-6.973181,

-4.631230,
+5.204384,
-5.330776,
-4.966115,
-5.056550,
-5.281980,

-7.564887,
-5.203967,
-5.740526,
-5.405530,
-5.315550,
-4.935954,

-7.692205,
-4 948577,
-5.500547,
-5.186319,
-6.943438,
-4.558164,

-4 .B7988,

-5.286820,
-5.112107,
-4.905005,
-5.088320,
-5.238621,

-7.281856,
-4.332482,
-4.979722.
-5.335857,
-5.182573,
-4.987796,

~7.348693,
-3.960784,
-4 .637555,
-5.166034,
4.T9T158,
-4.6146269,
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DAYA TI1QABS(14)RH=99X, L0910 of absorption, Gerber growth, b1 serosol)

L K N N N

c (! DATA TIQABS(13) RH=9SX,

~7.607250,
~6.4378%¢,
~4.633166,
-4 .305105,

-4 . 755377,

-4.110133,

-6,276717,

-7.263078,
-5.663140,
-3,757161,
-3.457611,
-3.949698,
-3.276528,
-3.439770,

-7.769091, -7.781123, -7.7578%6, -
-5.580540, -5.868285, -5.372083, -

-5.418893, -4.953739, -5.032006,
-4.665164, -4.TTBB99, -4.T98521,
-4.743884, -4.T21887, -4.599911,
-/ ,029384, -4.032008, -4.067917,

~4.385440, -6.503472, -4.542663,

-7.589290, -7.619734, -7.595252,
-4, 738333, -5.147172, -4.582545,

-4,569554, -4.094820,
-3.820333, -3.949698,
-3.941119, -3.893877,
-3.192046, -3.195581,
-3.551139, -3.673439,

DATA T2QABS(]1)RH=S0X, Log10 of absorption,
Gerber growth, Seasalt seroso!l)

data ((E2(i,)),j=1,40),i=1,4)
$/-2.196659,

LA N N X N ]

DATA T2QABS(12)RH=85X,

$
$
$
3
$
s
 J

-3.199916,
-1.840373,
-1.576574,
-2.014354,
-1.532377,
-1.593187,

-4.978563, -5.772113,
<2.T24781, -2.829680,
-2.607778, -2.200653,
-1.950472, -2.075421,
-2.023563, -2.043279,
-1.437279, -1.436590,
-1.678775, -1.753723,

-7.459721,
-2.455374,
-2.276264,
-2.074688,
-1.950007,
-1.438400,
-1.626059,

Log10 of absorption,

Gerber growth, Scasalt aerosol)

-3.090813,
-2.910519,
-1.24403¢,
-0.996712,
-1.459170,
-0.933808,
-1.003589,

-4.921326, -5.659953,
-2.199978, -2.47899%,
-2.011383, -1.576197,
-1,328892, -1.460297,
“1.460573, -1.445584,
-0.837555, -0.837256,
-1.098591, -1,202255,

-7.151398,
-2.006392,
-1.657795,
-1.479530,
-1.345708,
-0.847161,
-1.182441,

DATA T2QABS(I3)RHs95%, Log10 of absorption,
Gerber growth, Seasalt

VAN N

L K N

-2.989658,
~2.467437,
-0.647991,
-0.421361,
-0.871278,
-0.367280,
-0.413154,

-2.638763,
-1.658763,
0.223028,
N.425714,
0.029587,
0.456032,
0.457942,

-4.785633, -5.401100,
-1.622366, -1.994262,
-1.401472, -0.963810,
-0.720881, -0.849182,
-0.870117, -0.846582,
-0.270179, -0.269347,
-0.503140, -0.611171,

Gerber growth, Seasalt

-4.393B44, -4.905599,
-0.721544, - 1.135655,
-0.480172, -0.054477,
0.176439, 0.060622,
0.031368, 0.053463,
0.547947, 0.549714,
0.387817, 0.294576,

serosol)

-6.710545,
-1.461992,
-1.044389,
-0.874194,
-0.751144,
-0.276257,
-0.644089,

! DATA T2QABS(14)RH=99%, Log10 of ebsorption,

aerosol)

-5.768458,
-0.573879,
-0.128106,
0.025630,
0.135260,
0.551206,
0.240225/

7.686334, -
4.,529090, -

~5.0876561, -
'4.78“95. -
-4.485798, -4.335828,
-6.097372, -4.155001,

-6.504608,
-1.814656,
~2.344228,
-2.048085,
-1.855831,
=1.457922,

-6.,136635,
-1.258462,
-1,738690,
-1.474398,
-1.250503,
-0.865345,

-5.642313,
-0.686723,
-1.125497,
-0.876606,
-0.661623,
-0.290467,

-4, 775933,
0.177854,
-0.205909,
0.030478,
0.21109%,
0.543956,

Log10 of absorption, Gerber growth, bl aerosol)

7.21204%,
3.507044,
4.187321,
4.765103,

-7.499311, -6.627106,

-3.698927, -2.691500,
<4.181167, -4,253755, -3.349294,
-3.969117, -3.968147, -3.V54370,
-3.766420, -3.650859, -3.501207,
-3.229487, -3.259653, -3.317187,
-3.719968/

-3.589729,
-0.994305,
-1.541438,
-2.005947,
-1.729717,
-1.46499262,

-3.431118,
-0.50838¢,
-0.953778,
-1.458321,
-1.125628,
-0.9C5145,

-3.204621,
-0.032705,
-0.385177,
-0.872215,
-0.545299,
-0.323636,

-2.611970,
0.668563,
0.466941,
0.028775,
0.307988,
0.523720,




BN

¢ {1 DATA T3QABS(11)RH=50%, Logl10 of absorption,
¢ Gerber growth, Seassit aerosol)

dats (CE3(i, ), j=1,40),1i=1,4)
$/7 0.362765, -1.481091, -2.168143,

0.426039,
1.616497,
1.823474,
1.621374,
1.822273,
1.892696,

X N X X X

0.894322,
1.063108,
1.632569,
1.612498,
1.881755,
1.869654,

¢ (! DATA T3QABS(]2)RH=B5X,

0.497096,
0.717704,
2.12149,
2.268859,
2.091280,
2.270306,
2.336099,

PR

-1.340274,
1.407951,
1.61254C,
2.142984,
2.089458,
2.320541,
2.323046,

¢ {1 DATA T3QABS(13)RK=95X,

0.646286,
1.159116,
2.606790,
2.717912,
2.586644,
2.719248,
2.783925,

(A N X N N N

0.823031,
1.421801,
1.557640,
1.591376,
1.885333,
1,842990,

-3.868525,
1.164353,
1.377397,
1.558252,
1.638419,
1.904071,
1.894576,

Logl0 of absorption,

Gerber growth, Seasalt

-2.058066,
1.163519,
1.967225,
2.079362,
2.091421,
2.323108,
2.299551,

aerosol)

-3.553587,
1.601484,
1.922845,
2.070924,
2.132932,
2.334380,
2.306961,

Logi0 of absorption,
Gerber growth, Seasalt aerosol)

-2,868061,
1.646051,
1.331042,
1.579486,
1.684585,
1.914703,

+2.501593,
2.127623,
1.874563,
2.076240,
2.169145,
2.342561

-1.165198, -1.774200, -3.101939, -2,022990,

1.955976,
2.162116,
2.634991,
2.587172,
2.758473,
2.781202,

¢ (1 DATA T3QABS(I4)RHaPIX,
4 Gerber growth, Seasalt serosol)

$ 0.870942,
$ 1.930231,
$ 3.31737%,
$ 3.388190,
$ 1.325782,
S 3.302662,
$ 3.447855,

c (..c-...-----...-.....‘. ................................... emvesesaconcancve

-0.775389,
2.783068,
2.975119,
3.349355,
3.327257,
3.415608,
3.455637,

1.63027S,
2.488635,
2.586700,
2.596426,
2.760566,
2.768912,

-1.289282,
2.430543,
3.246055,
3.322798,
3.335217,
3.417106,
3.458985,

2.117603,
2.451280,
2.579429,
2.626453,
2.772256,
2.765645,

Log10 of absorption,

-2.281415,
2.920468,
3.219191,
3.320416,
3.354205,
3.426446,
3.462721/

2.612318,
2.409324,
2.58045/,
2652144,
2.777652,

-1.181517,
3.328420,
3.189378,
3.321080,
3.366684,
3.431316,

0.013596,
1.894338,
1.821546,
1.622784,
1.743620,
1.913077,

0.187887,
2.281647,
2.270143,
2.090223,
2.211921,
2.345060,

0.410760,
2.699664,
2.719107,
2.585145,
2.680 5% .
2.78." .,

0.960680,
3.352491,
3.390246,
3.323809,
3.377834,
3.438210,

¢ ("*** wavelengths of these calculations in micro meters *vertere)

data L
/

RO AN

0.2, O,
1.06, 1.
2.7, 3
5.0, 5.
7.2, T
9.2, 10.
12.5, %
18.5, 21

WBOONOWNW

. 0.3371, 0.55,
3¢, 2.0, 2.25,

. 3.3923, 3.75,

, 6.0, 6.2,

, 8.2, 8.7,

. 10.591, 11.0, 1
. 15.0, 6.4, 1
,  25.0, 30.0, &

/

¢ (**9* Relative hunidity of the colculations *v*erenee)

date R /50, 85, 95, 99/

end

9

7
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SUBROUTINE Swell( mmode , f, rh, AMPVal)

(B’II.:'II“.IIIItlIS'IEI===:==EE!BE=.=EIIIII.S===S=====Bﬂ==8ﬂlll=!==)
{ Furpose: To calculate the growth of hygroscopic aerosol wrt 80X )
{ Called by: Oepovel )
{ Calls Out: . toy )
( Revision History: b
(=oense=-- @eemcesvrmeconccccnsancnnessswrenna vecenmve eraeseccmve .-......}
( Date ( Progremmer | ®emarks )
O R R R L L R R R R R LR R R R )
{ 1978. | J. Fitzgerald original concepts reported in )
< the litersture, Fitzgereld 1978) )
¢ 1983 | 5. Gathmen fitigerald's formulation in NAK )
¢ 1986 | H. Gerber Expanded Humidity Parameters for )
< NAM, Gerber(1985) )
< Jun 1989 | S. Gathman Used Gerber's formule in NOVAM )
€ 02 Oct 1991 | Charles McGrath Cenments sdded )
< Nov 1992 | Linds Hitney Converted from PASCAL to FORTRAN )
{ Sep 1993 | S. Gathmen Integrated into NOVAMSR )
[¢ LEEESSEEASAER ssR=am xee)

(...'.'.""""'itﬁi."'t'..t'.""'v't.'IQ.."..Q'Q'..'"'...".ﬂt.'

{Gerber's formuls)
select cese (mmode)
case (2)
c7 = 1.83
c8 = 5,13
case (3)
c?7 = 1.97
c8 = 5.83
case (1)
if (AMPVal .GT. 5.0) then
¢?7 = 1.28
c8 = 2.4
else
c7 = 1.17
c8 = 1,87
endif
end gelect | (case)
as ¢7 - rh/100.0
bs c8*1.0-rh/100.0)
f= a/b
b= 1.0/3.0
f = xtoy(f, b)
end ! (Swell)

SUBROUTINE sufin(SOData, SurfObsFileName)

(llllln-.-...-.l....‘....'.‘I..'l.l'.lll.‘.. ---.-'III-I)

{ Purpose: Read surfsce observation file & assign to 50Dats or i: b}
( dummy velue resd from surface obs file, then assigr defeult )
{ Preconditions: SurfaceObsFileName exists & ia in proper format )
{ Global Varisbles: none )
{ Collied by: NOVANS" b
(- -emveervecesarruoccrircransenranconacs cremavese veevsememesomnassancnsns y
¢ 01 Jan 1991 | Stu Gethman wodified )
€ 27 Sep 1991 | Charles McGrath Comments added )
< Nov 1992 | Linds Hitney converted from PASCAL to FORTRAN )
(4 Sep 1993 | S. Gathman Integrated into WOVAMSR )
(llIIlIl-ll.lBCIIEIIIIIOIIIIIICIIl.llllll..lll.'l..lﬁ=lﬂllllllIEIIIIII:IGS}
( .........................................................................

This program is used to input sil of the surface observations and to
subgtitute the default values when the value of -99 for tempersture
or -1 for other surfsce observations is found in

the surfece observation file at a particulor location.

A. Surface Observation file (9 parsmeters, use “-1" {f the parameter
is not measured, or if temperature, use -99 if not measured)
1. Tsea = Sea gsurface temperature (C)
2. 710 s Alr temperasture (C) @ 10 meters
3. Rh s Relative Humidity (X) 810 meters; used to
calulate: Qp = MWixing ratio (g/kg) 810 meters

[N RN R A A




YA

g c*ecenas D R R R L R e N LR R L LR P R R

oo nN

[,]

{--

o]

e (-

4. Svis = Opticel visibility (kilometers)

S. U0 = Current resl wind speed (m/s) 810 meters
6. Vave = Averaged wind speed (24hr) (m/s)

7. Amp = Air Wess Parameter (1..10)

(note: amp & svis are inputs to the NAAWS model
t0 get new amp.)
B. Irext = Surfasce IR Ext. (1/km) (810.6 microns)
9.1 = Z2onal category (1..6)

Default surfsce Met. data is:
Tropical s square #49,
midiatitude is ship station #e,
sub artic is ship station #i .
Winter is January and Summer is July.
Dats from U.S. Navy Marine Climatic Atlas of the World
(revised) Vol 1, North Atlantic Ocean, by J.M. Neserve (1974).

.................................. Csemsecscscavorsrrantetassracencssnntnre

real dtsea(or /26.5, 26.5, 24.8, 19, 12.2. 9.2/
resl dwind(b) /5.47, 4.16, 5.26, 10,58, 8.05, 12.47/
character*12 SurfObsfileName

include 'sodata.inc!

real surfops(9)

real 8/ -4.05801664 /
resl b/ -C.00890166 /
ceat ¢/ 0.038432675 /
real 4/ -0.64465936 /
real e/ -0.00899986 /
real g/ 0.007232437 /
real |/ 2.019394548 /
resl my -0.00900420 /
resl n/ -0.0:6770367 /
resl pi/ 3.14159265 ¢

t (- -- inicialize mixing rativ to flugged value ----)
SODAts. 0P = -9% O

Y (---- Read in surfsce observation file to list surfops() ----)
opan(unitelS, filesSurfObsFileHame,stotus=told')

read (35,*) suriops

cloge(35)

-- §0Data.Zoneindex becomes now the index of ronal catagory ----)

{---- checking the range of SCData.lonelndex for validity ----)

SODate.20meindex = int(surfops(9))

i1f ((SODate.2oneindox LY. 1).0R.(500atc.2onelndex .GT. 6)) then
SObats.lonelrdex = 3

EMDIF

-« fitling in the default valves if necessary -~---- )

c (SEA SURFACE TEMPERATURE acceptsble renge ot -5 to +35 deg C )

a

if {(surfops(1) .LT. -5.0) .OR, {surfops(1) .GYV. 35.0)) then
SQCute.TSea = dtses(SQData.2onclndex)

elge
$00Data.TSen = surfops(l)

erdif

{AIR TEMPERATWNE {C) acreptable range of -50 to +40 deg C )

i1 ((surfopsi?) ..T7. ~50.0) .OR. (surfops(2) .GT. 40.0)) then
tc ( set tlag to check radiosonde datms for a usabie temperatyre )
$unte 710 = -55.0
$0Data.110Meas = ,false.
eige
Subota. 110 £ surfops(2)
SOCO%a.TI0Meas = .frue.
endi f

¢ {RELATIVE HLwIDITY occepzable renge of O to 100 percent )

99
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if (Csurfops(3) .LT. 0.0) .OR. (surfops(3) .G7.100.0)) then
SOData.RHH = -99. 0 | (flagged for radicsonde caiculation in
SOData.RHKMenas = .false. ! (AssignRSondevars procedure in this unit)
elge 1 ( sgg fix 11726790 )
s0ata . RHN = surfops(3) 1 (Use this RH value directly)
SOData.RHNMeas s .true.
1f (SODate.T10Mess) then
vpl = veppr{S0ODats.T10)
vp0 = vpD * surfops{3) 7/ 100.0 .
SODate.Qp ¥ 623.0 * vp0 / (1013.0 - vp0)
endi f
endif

c (CURRENY WIND SPEED (M/S) acceptable range of 0 to 40 av/s)

if ((surfops(5) .LT. 0.0) .OR. (surfops(S) .GT. 40.0)) then
I ( default values: 5.47, 4.16, 5.26, 10,58, 86.05, 12.47 w/8 )
S0Data.U10 = dwind(SOData,.Zonelndex)
SOData.U10Mess = .false.

else
SODate.U10 = surfops(S)
SOData.Ui0Meas = .true.

endif

¢ (AVERAGE WIND SPEED (M/S) acceptable range of 0 to 40 m/s)
if ((surfops(6) .LT. 0.0) .OR. (surfops(é) .GT. 40.0), then
SOData.UAve = SODats.U10
elge
SOData.UAve = surfops(6)
endif

c (OPYICAL VISIBILITY (KNM))
if (surfops(4) .LE. 0.5) then
Gfec = Qfac - 2.0
soData.Svis = 10.0
SOData.SVisMeas s . false,
else
s0Data.SVis = gsurfops(4)
S0Data.SYisMeas = .true.
endif

if (surfops(4) .GT, S00.0) then
afac = Qfac - 2.0
saData.SVie = 500.0
s0Data.SvisMeas = .false.
eige
$0Deta.SVis = surfops(é)
sGData.SVigMeas = ,true.
endi f

¢ (AIR NASS PARAMETER acceptable range of 1 to 50 )
¢ Tnis is & technique to do the air mass parameter Logic

¢ and the method of using the visibility if it is avsilable
¢ to determire the air mass parameter.

IF(SURFOPS(7) .GT. 0.0) GOTO 100

IF( .NOT. SODate.Ul0Meas ) GOTO 200

1F( .NOT. SOData.SVIiSMeas) GOTO 200
c determine the u.m.p. from the visibility and wind data .

f = ((Z-,00ax8.RHH/100)/¢6*(1-SoData.RHR/100)))**(1/3)

bevavis0=(3.912/500ata.SVis)-0,01162

2y & (ereT3(Jata.RHN)/(1+b*S00ata.RHH)

12 = (d+g*SOData.RHH)/{1+e"SO0atE.RHK)

3 » ({-n*SO0ata.RHH)/(1+m*SO0ata.RHH)

beteZ=pi*FNB(SO0ata.Uave)*t2 / (1000 * )
be:a3:pi*FNC(SODate.U10)*t3 / (1000 * f)

100




if(betavis0d .le. (20.0 *T1 +beta2+betal)) then
amp = 0.1

else

amp = SQRY((beiavisl-(bet.2+betal))/(2*pi®t1/f))
endif

SQData.Ap = amp
goto 500

100 SODats.Amp = surfops(’)
GOT0 500

200 sODats . Awp = 2.0

500 continue

€ (SURFACE IR EXTINCTION)

if ((surfops(B) .LT. 0.001) .0R. (surfops(8) .GT. 100.0)) then
Qfec = Qfac - 2.0
sOData.IRExt = -1.0
SQData.IRExtMeas = .falge,
else
SODate.1RExt = surfops(8)
SOData.IRExtMeas = .true.
endif

end | ( sufin )

SUBROUTINE CheckRSondeData(RdataAry)

c (= Z=RRESERSTERZ)
¢ { Purpose: Check renge of potential temp & mixing ratio )
€ {=mccmmeccen. A el LA R el e AL LR L SRR S R PR R R R A )
¢ { 01 Oct 1992 | Stu Gathman )
¢c ¢ Nov 1992 | Linda Hitney converted from PASCAL to FORTRAN )
¢ { Sep 1993 | S. Gathman Integrated into NOVAMSR )
c( = s3Tz=cSITETITLSEE)

NDOOWON OO0

real alt, pt, mr, rh, airt, pres
real RdataAry (200,3)

! begin ( CheckRSondeData )
do is6 , int(RdataAry(1,1))
i£¢(1.67.6) .and.
$ ((RdatsAry(i,2).G7.50.0).0or.(RdataAry(i,2).L7.-30.0))) then
RdataAry(i,1)=RdataAry(i-1,1)
RdataAry(i,2)=RdateAry(i-1,2)
RdataAry(i,3)sRdataAry(i-1,3)
endif
slt=RdataAry(i,1)
pt =RdataAry(i, 2)
wmr sRdataAry(i,3)
call calc_rh_atemp_press ( alt, pt, mr, rh, airt, pres )
if (rh .GT. 99.0) then
call Convert_Rdata ( pres, airt, 99.0, alt, pt.mr)
RAataAry(i,3)smr
endi f
enddo
end ! { CheckRSondeDats )

SUBROUTINE calc_rh_atemp_press( alt, pt, mr , rh, airt, pres )

(III..I!III-.OI..I...ll.‘l!"!ﬂ‘!.ﬂgllllEl=IB'!=3=:B=I=BI:====.I.Il:el:!::)

( Purpose: This is a program to convert the sltitude, )
({ Potential Temperature and mixing ratio dats into the )
( pressure, air temperature snd relative humidity )
< profile date. )
( ------------------------------------------------------------------------- )
{ 01 Oct 1992 | Gathman & MzGrath | designed program for NOVAM21S )
( Nov 1992 | Linda Hitney converted from PASCAL to FORTRAN )
( Sep 199 | S. Gathman integrated into NOVAMSR )
(Ill.“t".'.ll'.ll.:c..l!!.!:'tEEl:.lBIIIISIRHl‘.':zEE‘.EII‘=8=BHH=2==IE==)
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real alt, pt,mr
real rh,airt, pres

if (elt.L7.500.0) then
prcs-1013.0-55.0*alt/SO0.0

else
pves-102\.38‘:xp(-0.00012739'alt)
endif

wirta(pt+273. 15)Iexp(O.286'(09(1000.0/pres))-273 .15
satvpe vappr(airt)
satmre620.0%satvR/ (pres- £8tvp)

rh=100.0*mr/sater
end \celc_rh_atemp press

SUBROUT INE Convert_Rdata (pres,at,rh, alg, pt,mr)

¢ EREFEEERS =2 =::::s::===x:==t)
¢ Purpose: This is & program which tav2s as input the pressure, )
< airtemp and rh data and gives back alt, potential temperature)
[ and mixing ratio at that level. M
< )
{reesmeasammmeasomemmsssnanmansser e nn et e AL EEEL RS A >
C sep 1992 | s.Gathman | designed program for NOVAMZ215 )
¢ Nov 1992 | Linda Hitney converted from PASCAL to FORTRAN 3 )
< sep 1993 | S.Gathoan Integrated into NOVAMSR 1)
{ 3 RETBEZERESS)

resl alt, pt, wr, th, at, pres

{t (pres.G1.958.0) then ic {see formula ¢5,f5 and 95 in Gpro prog2.wql)

-ltl(\m}.0~prn)‘500.0/55.0
else
sits-log(pres/1021 .38)/0.00012739

endi ¢

pt-(lt'273.15)‘xtoy(1000.0/pres,0.2&6) -213.1%

ar-rh"bzo.o‘voppr(ct)/(100.D'(pres-vappr(n)))

END  1Convert_Rdats

SUBROUTINE WAKE_RDATAARY (presmble, rdatsary)
( - 34 ---n)
{ Purpose: Purpose to put presmble in front of rediogonde dats in the )
( dats array called rdatsary which will be used by NOVAM. b
(ronemommmrmnnorany ceonccremveones cessvesmcesasc-ecasseanoseeT TR EE >
< Sep 1992 | S.Gethman | designed program for NOVAMSR }
¢ Sep 1995 | S.Gathmen | 1ntegrated into NOVAMSR 3
(-ILI‘L-I-IIIIHIIl'.l.l'ﬂitﬂ BEX :s:s:gs-gcs:s==s=x=:z==t==)

real prcwble(SJ),rdatury(ZOO,})

do 81,9
rdutaary(i,epreamble(i,1)
rdatsary(i ,2)spresmbie(i, )
rdatpery(i ,)epreamble(i i ))

enddo

if (!nt(&datlkryn,'l)) .GT. 200) stop
s 'wore then 200 records in rsonde’

open(mitrﬂ,file=':igfile',stltus-’old')
read(13,*) J

do !l =1,
Read(13,*) 8,b,c
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8 is pressure, b is sir temperature, and c is relative humidity.
we mist transiste these back to the NOVAM values of altitude, pt and mr.

RdataAry(1+5,1)=altitude(s)
RdataAry(1+5,2)=Potential_temperature(s,b)
RdateAry(1+5,3)=rMixing_ratio(c,b,8)
enddo
close(13)
RdataAry(1,1) is number of rows in the rediosonde matrix )
note that RdetAry(1, 1) is five more than number actust )
radiosonde observations, unless = 1, then no rsond data. )
end | (MAKE_RDATAARY)
SUBROUTINE AssignT10_RHW_QP( RSondDsta, $SOData)

EESXRTRTTETCCSIZERSESBETIE)

Purpose: checks surface temp, rel humidity, and mixing ratio values )
in surf obs file for being measured, uses Rsonde if possible )

Called by: NOVAM21S.fOR )
Calls out: (none) )
Preconditions: )
Global variables: )
......................................................................... )
26 Feb 1992 | Charles McGrath created b)
Nov 1992 | Linda Hitney converted from PASCAL to FORTRAN )

Sep 1993 | S. Gathman integrated into NOVAMSR )

(== assc EEREEXRRRBEAREERT BEIEEERXTIRERBES)

real RSondData (200,3)
reel dti0 (6) /26.3, 26.3, 24,.2, 17.5, 9.5, 7.0/
include ‘sodata.inc’

Pefc = 1013.01 ( surface pressure in millibars )
Surface Air Temperature -- if flagged as not aiready measured, then if )
radiosonde date exists at below 100 meter sltitude, then use the )

rediosonde temperature, otherwise use table value for geogrephic 2one. )
if (.MOT. SOData.T10Mens) then
i¥ ((RSondData(1,1) .GT. S5.0).AND.
$ (RSondData(6,1) .LE. 100.0)) then
S0Deta.T10 = RSondData(6,2) | ¢ ( assign temp st lowest height )
else
S00esta.T10 = dt10(S00ata.Zonelndex)
endi f
endif
Surfsgce Reolative Humidity - if flagged as not measured and )
there is radiosonde dats from which to derive humidity data )
if radiosonde data exists at an altitude below 100 meters )
if (.NOT. SOData.RHHMeas) then
if ((RSoncData(1,1) .GV. 5.0).AND.
$ (RSondData(6,1) .LE. 100.0)) then
tc ( RelHum = retio of measured mixing ratio divided by saturation )
fc mixing ratio. Measured mixing ratio, QP in g/kg is from )

te ( reonde(1,3) and saturation mixing retio is calculeted from)
1c ( vapor pressure at surfece temperature RSonde(1,2) value )
te { The saturation mixing ratio formuls gives results in g/g,
te ( 80 needs to be multiplied by 1000 for g/kg units conversion)
e ( SatQP = ,622*SurfvapPr/SurfAirPr-SurfvapPr )
tc { RelHum = QP*((SurfPr-VaporPr)/(0.622*Vaporfr))/1000*100% p]

VPO = VapPr(RSoncDats(1,2))
SODeta.RHH = RSouxData(l,3)*(Psfc-VvP0)/(0.622*VP0)/1000.0%100.0
! ( QP set to mixing ratio in radiosonde meas at lowest altitude )
SODsts.Qp = RSoncData(1,3)
eise
SOData.RHH = 80.0
vpd = 0.8 * vappr(SOData.T10) tc (Vaper Press assumes RH of BOX)
SO0ats.0p » 623.0 * vp0 / (1000.0 - wpO) 1 c (sgg fix 1/18/91)
enditf
endi f
end t ( AssignT10_wknn Qb )
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SUGROUTINE AssignRSondevars(RSondDeta, RSDats, RSCalc, SOData)

-n l'..-lll.ll."III.IIIIIIIII..‘EI.‘.!'=)

Purpose: Assigns radiosonde parsmeters from array to RSDate & RSCelc )
Called by: NOVAMSRD,FOR )
Global varisbles: RSDate & RSCalc b
-------------------- ...----.--.g-.--......-...-.....-...--n..-.-~----o.-)
10 Oct 1991 | Charles McGrath created from sufin procedure & unovam)
Nov 1992 | Linda Witney converted from PASCAL to FORTRAN )

Sep 1993 | S. Gathman integrated into NOVAMSR 3}

a=g z SS=REXEITIE EEEETERES )

Rst10 is surface potential tesp from rediosonde )

DOOOANODODONTONNONOHOHNOTOONONOHND
NNV AN ANANONINON NIV O PN AN AN A A A A

Rsgp (s surface mixing ratio from radiosonde b .
Zbase & 2b are height of base of cloud layer }
Tmb s potentis! temperature at cloud base =)
Qmb is mixing ratio at cloud base - )
Tunits should be 1 if potential temperature C. ) '
Top is potential tempersture at cloud base +)
Qbp is mixing retio at cloud base +)
2i is height of the cloud top )
Thim is potential temperature at cloud top -
Qim  is mixing ratio at cloud top -
Qunits should be 1 3}
Tip is potential temperature st cloud top +)
Gip s mixing ratio at cloud top + )
....................................................... .-.....-.-----...)

real RSondDate (200,3)

resl Lcpgkg,Psfc

include ‘rscalc.inc!

include 'rsdata.inc'

include ‘'sodata.inc’

RSData.Rst10 = RSoncData(i,?2)

RSOsts.Rsqp = RSoncdData(1,3)

RSData.Zbase = RSoncData(2,1)

RSData.Tbm = RSondDeta(2,2)

RSData.Qbm = RSoncDate(2,3)

RSDaiu.Tunits = REzadMata(3, V)

RSData.Thp = RSondData(3, 2)

RSData.Qbp = RSorxData(3,3)

RSData.2i = RSondData(4,1)

RSData.Thim = RSoncData(é,?2)

RSData.Qim = RSondDate(4,3)

RéDats.Qunits = RSoncData(5,1)

RSOste.Tip = RSoncData(5,2)

RSOats.Qip = RSondDats(5,3)

¢ (--- define met parameters needed by models in terms of inputs. ---)
RSCalc.Zinv = RSData.zbase
RSCalc.Thab t SODatA.T10+274.15

Tave = RSColc.Thab-0.0049*RSCalc.2inv

RSCalc.fthet = RSCalc.Thab/Tave

RSCalc.Tdeits = SOData.T10-SO0sta.TSea
€ (~-c-emrecemcnraaraconncctcati ot ctantesotatontorotanoons ) ¢
c (' This is an spproximation to the )
c (! goff-gatch 7ormula which is good )
c { ! to 1/2 X error for - to over 25 deg. ) .
¢ (1 List (1968). )
€ (- --ecvoceecrecccnctcerieoacscontottt et emee e )

Psfc = 1013.0 ¢( surface pressure in millibars )

Lepgkg = 2,46

Qsfc = 6.112*EXP(17.67"S00ata.TSea/(S00ata.TSen+243.5))
Qsfc = 622.0%Qsfc/(Psfc-Qsfc)

RSCalc.Qdelts = $SOData.Qp-Qsfc

RSCelc.T10e = SODsta.T10+Lcpgkg®*SOData.Qp

RSCalc.We = 1.0

RSCalc.Wstr = y 00V

end | (procedure AssignRSondevars)




SUBROUT INE premb(infsof,pr:umle)

[ 4 (!III.IIII.II.II‘I..'IIIII‘.SI'OII=l'l!l"'-‘:.-l.ﬂ!!::ﬂltsE‘IBHEBI!=====)
¢ ( Purpose: This is & program which takes s input the wfiltered" b}
c( signficant levels ¢rom the processed data and produces &n )
¢ ( acceptable pressble for the NDVAM input data. >
c ¢ Colled by: NOVAMSRD . FOR b
S T A S A =)
e ( Sep 1992 | S. Gathman Logic designed )
c{ Sep 1963 | 5. Gathman integrated into NOVANSR b
c (== s l--l-::ltln=:=t:l--'nl‘tc:nlul:;:--:nu-n:l:==sx)

integer flag
integer input,sof, novem
- real 9rodient(200),alt(200),pt(ZOO),mr(ZOO),pres(ZOO),airt(ZOO)
real preamble(5,3)
real rh(200)
real rMixing_ratio,temperr
character*12 infile,infsof

temperr=0.19

input=1é

sof=1b

novams 17

infile=t‘gigfile!

open(mit-irwt,ﬁ lexinfile, status=‘old')
open(unitssof Lfi tezinfsof,status='old')

read(input,*) num

i
read(input,*) p,ot,h
pres(j)=p
sfrt(j)=at
rh(j) =h
sit(j)=sAltitude(p)
pt(i)lPotenti.l_temper.ture(p,nt)
-r())-rﬂixing_ratio(h,ux,p)
j=in
do i=2 , mm
read(input,*) p,at,h
if (p.L7.pres(i-1)) then
pres{j)=p
airt(j)=at
eh(j) =h
sit(j)sAltitude(p)
pt(j)tPotential_teﬁperoture(p,at)
mr()=rMining_ratio(h, at,p)
jej+t
endif
enddo
=l
do izt , nmm-1 ! (generate the gradient for each level)
deltep-pres(601)~pres(i)
. de\tltnnirt(i«1)-|irt(i)
it ((abs(de\tap).51.0.9).Auu.<ubs(deltat).GT.teuverr)) then
gr.dient(i)tdeltat/deltap
etse
- gradient(i)=0.0
endi f
enddo

| (set up default prearble)

premMe(t,U:rumS

read(sof,*) sst,at,h
prelﬁble(\,2)=(n4275.15)'xtoy(1000.0/1013,0.286) -273.15
preuble('(,3)-h'620.0'vappr(at)/'100.0*(1013.0-vuppr(an))
preum\e(z,i):-m.o \ (set default values)
Dfe.ﬂble(é,1)='999.0

preurble(3,1)=-1.0

preuvble(S,U--‘l.O




do i®2 , S | (Sets up a defasult no date preamble.)

do jw2 , 3%
presmble, 1, j)=-999.0
enddo
enddo
flam0 | (The variable “flag" determines how

1 meny inversions there are.)
do f=1 ,  WUM-2

! begin (looking for gradients)

if ((pradient(i).LT.C.0) .end. (flag .EQ. 0)) then
preamble(2,1)=alt(i) 1 (looking for first inversion)
preamble(2,2)=pt(i)
presmble(2,3)=mr(i) .
flagsl | (Flag remembers where we sre in getting values)
tempi=pt(i)

endif

{f ((gradient(i).G7.0,0) .and. (flag .EQ. 1)) then
preamble(3, 2)=pt(i)
preamble(3, 3)smr(i)
flags?
temp2=pt(i)
endif

¢ Checking to see if the inversion is deep enough for s real one. .

if((fley .eq. 2) .and. ((temp2-templ).lt. 1.5)) then
¢log=0
preamble(3, 2)=-999
preamble(3,3)=-999
preamble(2,2)=-999
preamble(2,3)x-999
preamble(2, 1)=-999

endi f

if (((gredient(i).LT.0.0). and. (fleg .EQ. 2))

3 .ond.(preamble(2,1).LT.(alt(i)-100))) then
presmble(é,1)=slt(i) ¢ (looking for second inversion)
presmble(4,2)=pt(i)
preamble(s,3)emr(i)
flags3
temp3=pt(i)

if ((gradient(1).GT.0.0) .and. (flag .EQ. 3)) then
preamble(5,2)=pt(i)
preamble(S,3)=mr({)
flag=h
templrpt(i)
endif
if ((flag .eq. &) .and. ((tempt-temp3) .lt. 1.5)) then
flag=2
preamble(4,1)=-999
preamble(4,2)=-999
preamble(t,3)=-999
preamble(5,2)=-999
presmble(5,3)=-999
endif

enxido -
if ((flag.GE.1) .end. (preamble(3,2) .EQ. -999.0)) then
ibegin (we can't Leave an undefined inversion cap.)
preanble(3,2)=pt(num-2)
preamb(=(3,3)=mr(rum-2)
endif

if ((flap.GE.3) .end. (preamble(S5,2) .EQ. -999.0)) then
Ibegin {we cx ¢ leave an undefined inversion cap.)
preamble(S 2 =pt (rum-2)
preamble(S5.3)=mr(rum-2)
endif
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if ((tlag.GE.3) .and. (preanble(5,2) .E0. preavble(4,2))) then
| begin (we cen't leave an undefined inversion cap.)
pruﬂhle(s.Z)=premble(4,2)"l

erdif

if ((ftag.GE.3) .end. (presmble(5,3) .EQ. preambie(4,3))) then
tbegin (we cen't (eave &n undefined inversion cap.}
prndale(s,S)-prewle(l-,!)v'l

endit

close(input)

close{sof)

END | preamd
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